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ABSTRACT 


A  procedure  was  developed  for  estimating  a  full  matrix  of  demand  elasticities 
for  a  developing  economy  using  household  survey  data.     The  results,  as  applied 
to  Sri  Lanka,  show  that  the  estimates  appear  to  be  reasonable  in  magnitude  and 
internally  consistent.     The  demand  elasticities  can  serve  as  a  useful  tool  in 
policy  decisions.     They  are  used  to  investigate  expected  changes  in  per  capita 
quantities  of  nutrients  consumed  as  a  result  of  alternative  development  programs, 
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PREFACE 

Food  in  adequate  quantities  and  quality  is  the  most  basic  of  man's  needs. 
In  many  developing  countries  both  the  quantity  and  quality  are  barely  adequate. 
Moreover,  in  some  of  these  countries,  certain  segments  of  the  population 
obviously  have  inadequate  diets.    Yet  the  market  demand  for  food  in  developing 
countries  is  little  understood.     The  few  studies  available  have  focused  on 
one  or  a  few  large  aggregate  commodity  groups.     Comprehensive  studies  of  food 
demand  that  consider  specific  commodities  are  rare  and  largely  confined  to 
highly  developed  economies. 

The  problem  of  poor  diets  in  developing  countries  has  been  and  continues 
to  be  widespread  and  persists  despite  substantial  agricultural  development 
efforts  on  the  part  of  many,  including  the  U.S.  Government.    The  reasons  are 
several  and  varied,  but  an  important  contributing  factor  has  been  the  lack  of 
information  on  the  food  demand  and  consumption  behavior  of  specific  consumer 
groups.     Information  that  does  exist  is  usually  derived  from  national  aggregate 
data  and  thus  limited  to  national  coverage  and  consideration  of  one  or  a  few 
large  aggregates  of  commodities.     The  result  is  that  analysis  of  the  potential 
impact  of  food  policy  decisions  on  the  consumption  of  specific  commodities  by 
specific  income  groups  cannot  be  done. 

An  additional  problem  has  been  the  lack  of  appropriate  data.  Food 
demand  analysis  has  traditionally  relied  on  time  series  data.     However,  the 
amount  of  detailed  data  needed  to  estimate  the  structure  of  food  demand  is 
much  greater  than  what  is  normally  available  in  most  developing  countries. 
Recently  many  countries  have  undertaken  large  scale  national  household  food 
consumption  and  expenditure  surveys.     These  surveys  contain  the  detailed  in- 
formation needed  to  permit  highly  disaggregated  analysis  of  food  demand. 


With  this  background  in  mind,  the  current  work  in  food  demand  and  consumption 
in  developing  countries  was  initiated  in  the  Agricultural  development  Branch, 
International  Economic  Division  of  the  Economic  Research  Service.     The  goal 
of  this  work  is  to  increase  the  knowledge  available  on  the  structure  of  food 
demand  in  developing  countries.    More  specifically,  the  goal  is  to  generate 
additional  knowledge  for  use  in  programming  U.S.  food  aid  and  development 
assistance,  and  to  improve  the  accuracy  of  global  food  demand  projections. 

The  specific  objective  of  this  research  at  this  time  is  to  develop  a 
procedure  to  analyze  food  demand  as  a  comprehensive  system.    This  requires  that 
the  analysis  be  sufficiently  dissagregate  so  that  meaningful  policy  relevant 
information  is  generated  regarding  the  consumption  of  specific  foods  by  specific 
segments  of  the  population.     Only  with  detailed  information  at  this  level  is 
it  possible  to  make  adequate  a  priori  analysis  of  the  potential  impact  of 
food  policy  changes,  or  to  plan  agricultural  projects  to  fill  these  specific 
food  needs. 

This  staff  paper  reports  on  the  initial  efforts  and  results  of  the  food 
demand  and  consxomption  work  wi"th  household  survey  data  from  Sri  Lanka.  The 
procedure  used  and  specific  results  are  still  tentative  and  subject  to  revision 
as  refinements  are  introduced.     However,  it  appears  the  general  approach 
is  valid  and  generates  information  critical  to  food  and  agriculture  policy 
decisions  and  to  development  planning. 

Appreciation  is  expressed  to  Dr.  Thomas  H.  Lederer,  Assistant  Administrator 
for  Development  Planning  and  Analysis,  Office  of  International  Cooperation  and 
Development,  USDA,  for  his  funding  and  moral  support  of  this  research.  Without 
his  support,  progress  in  this  research  area  would  have  been  much  slower.  Appreci- 
ation is  also  extended  to  Jitendar  Mann,  lED  Asia  Branch,  whose  suggestions  have 
been  most  helpful  in  the  development  of  this  report. 


Household  Demand  Analysis  for  Assessing  Nutritional  Impact 
of  Development  Programs 

I.  INTRODUCTION 
1.1     The  Rationale 

In  developed  economies  there  is  growing  recognition  that  agricultural 
policy  must  be  based  on  a  comprehensive  analysis  of  the  sector.     The  myriad 
of  supply-demand  interrelationships,  both  within  and  outside  the  sector, 
makes  such  analyses  difficult  but  increasingly  important  for  effective  policy 
planning  and  implementation.     The  results  of  policies  based  on  partial  analysis 
can  be  counter  productive  because  the  desired  effect  is  offset  by  unintended 
consequences.     The  attendant  social  and  economic  costs  can  be  very  high  in 
these  instances.  . 

In  developing  economies,  the  need  for  comprehensive  analysis  as  a  basis 
for  agricultural  policy  is  equally  as  important.     This  importance  derives  from 
little  understood  supply-demand  relationships  for  food,  and  from  the  potential 
human  costs  associated  with  uninformed  policy  decisions.     This  latter  cost, 
which  is  in  addition  to  the  social  and  economic  costs  experienced  by  developed 
economies,  can  be  extreme  in  that  mass  hunger  and  malnutrition  can  result. 
The  potential  loss  of  human  capital  is  in  itself  a  powerful  argument  for  com- 
prehensive analysis  as  a  backstop  to  agricultural  and  developmental  policy 
decisions . 

Consumer  demand  for  food  is  an  important  component    of  the  agricultural 
sector  structure.     It  is,  however,  a  complex  and  interrelated  network  of  rela- 
tionships, even  in  the  simplest    of  economies.     Unfortunately,  with  a  few  no- 
table exception,  consumer  demand  studies  have  been  partial  analyses,  failing 
to  account  for  this  interdependent  nature  of  food  demand.     This  failure  has 
been  due  to  a  lack  of  both  appropriate  methodology  and  data. 
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Fortunately,  the  theoretical  issues  related  to  the  methodological  prob- 
lems have  been  largely  solved.     The  major  stumbling  block  is  the  lack  of  data, 
especially  time  series  data  in  developing  countries.     However,  during  the 
last  decade,  an  alternative  data  source  has  emerged  in  several  LDC's  in  the 
form  of  household  surveys  on  food  consumption  and  expenditure. 

Compared  to  the  macro-level  time  series  data,   this  micro-level  data  has 
both  strengths  and  weaknesses  for  policy  analysis.     A  major  weakness  is 
the  lack  of  time  perspective.     Survey  data  can  only  provide  short-run  esti- 
mates of  demand  parameters,  which  are  sensitive  to  possible  sampling  bias  and 
seasonal  fluctuations  embedded  in  the  data.     The  strength  of  this  data  source 
lies  in  the  sample  size  and  the  wealth  of  detailed  information,  which  allows 
the  estimation  of  more  parameters,  and,  in  some  cases,  estimates  for  specific 
consumer  groups. 

Given  the  fundamental  role  knowledge  of  food  demand  parameters  can  have 
for  agricultural  policy  decisions  in  developing  economies,  it  is  critical  that 
efforts  be  made  to  provide  these  estimates  for  as  many  countries  as  possible. 
Presented  in  a  systematic,  program-oriented  framework,  these  parameters  can 
make  a  major  contribution  to  effective  agricultural  policy  planning,  by  both 
donor  and  recipient  countries. 

During  the  past  several  months,  a  research  group  within  the  International 
Economics  Division/USDA  has  developed  a  procedure  which  can  use  household  sur- 
vey data  to  estimate  the  demand  structure  for  approximately  20  food  groups. 
The  procedure  capitalizes  on  the  wealth  of  detailed  food  purchase  information 
and  the  large  number  of  households  found  in  typical  national  consumption  study, 
to  provide  statistical  estimates  for  "the  own-  and  cross-price  elasticities,  as 
well  as  the  income  (expenditure)  elasticities.     This  work  takes  its  inspiration 
from  recent  similar  work  in  Columbia  and  Canada.     In  previous  work  of  this  nature 
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it  was  assumed  time  series  data  was  necessary. 

A  further  advantage  of  using  household  survey  data  is  the  possibility  of 
subsampling  within  the  larger  sample.     In  the  present  study  using  Sri  Lankan 
data,  it  has  been  possible  to  make  separate  estimates  for  10  income  groups,  5 
each  in  rural  and  urban  areas.     These  subsamples,  together  with  the  detailed 
food  purchase  information  available  on  each  household,  allows  a  level  of  data 
disaggregation  and  analysis  not  possible  with  time  series  data. 

Once  the  demand  elasticity  estimates  have  been  obtained,  they  are  used 
to  calculate  nutrient  intake  levels.     In  this  manner,  the  nutritional  impact 
of  any  development  program  influencing  prices  and  quantities,  or  household 
income  levels,  can  be  estimated  a  priori.     Alternatively,  the  procedure  can 
be  reversed.     That  is,  nutritional  goals  which  meet  the  needs  of  specific 
segments  of  the  LDC's  population  can  be  established  and  used  as  criteria  for 
planning  development  programs.     Further,  insight  can  be  gained  into  the  relative 
impact  of  the  policy  variables,  and  hence,  of  program  options. 

Analysis  of  data  from  Sri  Lanka  shows  that  demand  for  food  varies  among 
commodities  and  income  groups,  and  also  differs  by  rural  versus  urban  residence. 
Investigation  of  a  hypothetical  policy  change  increasing  the  price  of  staple  foods, 
indicates  that  higher  income  groups  are  made  no  worse  off,  while  low  income  groups 
lose  substantially  in  daily  per  capita  calories  consumption.     Similarly,  for 
production  increases  in  staple  foods,  increased  consumption  does  not  occur 
uniformly  across  either  the  staple  foods  or  the  income  groups.    Hence,  the 
procedure  developed  provides  the  detailed  information  needed  to  plan  agricultural 
programs  and  policies  which  will  impact  favorably  on  those  groups  with  nutritional 
needs . 
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1.2    The  Objectives 

The  overall  purpose  of  this  study  is  to  discuss  the  methodology  and  re- 
sults of  an  effort  to  estimate,  from  household  survey  data,  a  full  matrix  of 
demand  elasticities  for  a  developing  economy.     Specifically,  the  objectives 
are : 

(a)  To  briefly  review  consumer  demand  theory,  the  necessary  assump- 
tions, major  limitations,  and  implications  for  studies  of  food 
demand  structure  and  policy  analysis. 

(b)  To  review  the  methodology  of  previous  studies  which  have  constructed 
complete  demand  elasticity  matrices. 

(c)  To  present  the  procedure  used  in  this  study  to  construct  a  complete 
demand  elasticity  matrix  from  household  survey  data  for  a  developing 
economy. 

(d)  To  present  empirical  results  and  to  discuss  the  relevance  and  policy 
implications  of  the  results  for  developing  countries. 

Readers  not  interested  in  the  technical  aspects  of  the  estimation  pro- 
cedure may  wish  to  go  directly  to  the  discussion  of  the  results  and  policy  im- 
plications . 
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2 . 0  A  Brief  Review  of  Consumer  Demand  Theory 

2.1  Classical  Demand  Theory:     Basic  Equations 

This  abbreviated  review  is  included  to  illustrate  the  derivation  of  demand 
functions.     It  serves  as  a  prelude  to  the  discussion  of  application  of  theory 
in  empirical  analysis  presented  later.     Complete    treatments  of  the  theory  are 
well  documented  and  references  are  readily  accessible.     These  include  Hicks 
(1939),  Samuelson  (1947),  Henderson  and  Quandt  (1958),  Barten  (1964),  Stigler 
(1965),  and  Theil  (1967). 

Classical  theory  of  consumer    demand  is  based  upon  the  theory  of  utility 
maximization.     Quantities  purchased  by  a  consumer  are  assumed  to  be  optimal 
quantities,  reflecting  his  or  her  attempts  to  maximize  utility,  given  that  in- 
dividual's constraints.  Thus 

u  =  f(qi,  ....  q^^)  (2.1) 

under  the  budget  restraint  of 

I  Piqi  =  y.  (2.2) 

where  qi  represents  the  quantity  of  the  ith  commodity,  p-j^  represents  the  price 
of  the  ith  commodity,  and  y  designates  total  expanditure  of  income. 

Maximization  of  the  utility  function  (2.1)  subject  to  the  budget  constraint 
(2.2)  is  carried  out  by  the  Lagrangian  method.     To  find  the  first  order  con- 
ditions for  a  local  maximum,  one  forms  the  expression 

L  =  U  -  X  (Z  p^q^^  -  y) 
i 

where  A  is  a  Lagrangian  multiplier,  interpreted  as  the  marginal  utility  of 
income. 

Differentiating  L  with  respect  to  qi  and  X  ,  one  obtains: 

3^-3^-^"!  ".3) 


1 


(2.4) 
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Setting  the  above  derivatives  equal  to  zero  yields 

9U 


S^i 


(i  =  1 ,  . . . ,  n) 


(2.5) 


I  Pi^i  =  y 


(2.6) 


The  second  order  conditions  for  a  constrained  maximum  involve  the  bordered 
principal  minors  of  the  Hessian  matrix.     Given  a  bordered  Hessian  matrix 


0  pi   ...  pn 


where 


Pi        Ull  • • .  Uin 


Pn       U^l  •••  Unn 
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The  bordered  principal  minors  are  defined  as: 


0         Pi  P2 
Pi  U12 
P2        U21  U22 


0 

Pi 
Pn 


Pi 
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U. 


nl 


Pn 

■  Uin 
•  Unn 


The  above  determinants  should  be  alternately  of  positive  and  negative  sign  to 
fulfill  the  second  order  conditions. 

The  system  of  equations  found  in  the  first  order  conditions  (2.5)  and 
(2.6)  provide  the  solution  of  n  optimal  values  of  q-j^  and  the  equilibrium  value 
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of  X  according  to  the  implicit  function  theorem. i_/    For  variable  prices 
and  income,  this  solution  appears  as  a  system  of  n  demand  functions,  which 
describe  the  behavior  of  the  consumer  in  the  market.     The  resulting  demand 
functions  are: 

qi  =  qi  (Pi»  •••»  Pn»  ^  ^^'^^ 

and 

X  =  X  iv±y  Pn.  y)  (2.8) 

2.12    Derived  Properties 

Several  properties  or  conditions  of  the  demand  functions  can  be  derived 
from  the  utility  maximization  assumption.     A  full  discussion  of  these  conditions 
is  given  the  Wold  and  Jureen  (1953).     These  properties  take  the  form  of  math- 
ematical restrictions  on  the  derivatives  of  the  demand  functions.     With  refer- 
ence to  (2.7),  the  restrictions  are: 
a.     Homogeneity  Condition 

The  first  order  conditions  (2.3)  and  (2.4),  imply  that  if  all  prices  and 
incomes  are  changed  by  the  same  proportion,  the  quantity  demanded  must  remain 
unchanged.     In  other  words,  each  demand  equation  must  be  homogeneous  of  degree 
zero  in  prices  and  income.     To  show  this,  take  the  total  differential  of  the 
demand  equation 

qi  =  qi(Pj »  • • • .  Pn'  y) ' 

using  Euler's  theorem  from  homogeneous  functions  of  degree  zero,  we  have 

p,  !2i  +  p,!!i+ ... +p„!5i.  +y!'i  =  0  (2.9) 


— '  According  to  this  theorem,  there  should  be  a  solution  (q±,  X),  and  the 
utility  function  must  be  quasi-concave  (which  implies  non-singularity  in  the 
bordered  Hessian) . 
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or,  in  general 


jPj—  +  73^=0      (i,  j  =  1,  2,   ...,n)  (2.10) 


If  all  elements  in  (2.10)  are  divided  by  q-j^,  we  obtain  price  and  income  elas- 
ticities, 

Pj  3qi  y 
^  +  =  0 

j         3pj  3y 

This  implies  that  the  direct  and  cross  elasticities  with  respect  to  prices 
of  any  commodity  i  and  its  income  elasticity  add  to  zero.     That  is, 

b.    Slutsky  Condition  or  S3rmmetry  Relation 

Slutsky  (1915)  pointed  out  that  the  effects  of  a  price  change  on  quantity 
demanded  can  be  decomposed  into  an  income  and  substitution  effect.     To  show  this, 
consider  the  demand  function  q^  =  q^^  (Pi ,   •••)  V-^,  y)  j  and  suppose  that  price 
Pj  has  increased,  other  prices  and  income  remaining  constant.    With  the  in- 
crease of  price  p j ,  the  purchasing  power  of  the  consumer  is  reduced.     But  sup- 
pose the  consumer  is  compensated  for  the  loss,  dy  =  q^^dpi.  Hence, 

q±  =  dji_ 
dpj 

Thus,  with    compensation,  there  are  two  variations,  one  in  price  Pj  and  one 
in  income  y,  which  influence  the  quantity  purchased. 


3qi  3q^ 


dq^  ^  3qi  ^  3q^  dy 

dpj      3p]"      3^  *  dF]"  (2.11) 
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Since  ^Sl.  is  the  response  of  q.   to  a  compensated  price  change  for  a  constant 
dpj  1 

utility,  it  can  be  expressed  as  C-^^)  ^  =  constant  ~  ^i-i »  called  the  substi- 

dpj  J 

tution  effect. 

The  equation  (2.11)  may  be  rewritten  as: 

l3i  =  K.  .  -  a.  ^  (2  12) 

3pj      ^ij  ay  ^^'^^^ 


The  last  term  on  the  right  hand  side  of  (2.12)  is  the  income  effect. 

It  can  also  be  shown  that  the  substitution  effects  are  symmetrical,  i.e. 

9qi  3qi       dq^  8q. 

K..  =  K.  .  or  that   +  qj         =  — -  +  ^i^^ 

3Pj        -"ay        8pi  3y 


In  terms  of  elasticities,  we  obtain 


^ij  =  wt  ^ji  (e.y  -  e.y)  (2.13) 


Pi^i 

where  wj  =  represents  the  share  of  expenditur  es  on  the  commodity. 

^  y 

For  a  change  in  its  own  price,  the  substitution  effect  in  a  commodity  becomes 

11      9pi      ^i3y  (2.14) 


which  is  a  negative  value. 

The  elasticity  values  commonly  estimated  are  uncompensated.     The  relation- 
ship between  the  compensated  and  uncompensated  values  is  useful  information 
and  has  been  shown  (Mann,  1980)  to  be 

^ij  =  eij  +  Wj  eiy, 
where  n-j^j  is  the  compensated  elasticity.     Other  terms  are  as  previously 
defined. 


-9- 


c.  Engel  Aggregation 

The  budget  restraint  denoted  in  (2.2)  is: 

^  Piqi  =  y,  (i  =  1,  2,  . . . ,  n) 

Partially    differentiating  the  above  equation  with  respect  to  y  gives: 

z     3qi    ,      2  Pi^i  y  ^^i  _  1  _ 

.  p^  - —  =  1 ,  or  i  1 ,  or 

i      ay  y    qi  3y 

i  «i         -  1  (i  =  1,  2,  n)  (2.16) 

This  Engel  aggregation  states  that  the  sum  of  income  elasticities  weighted 

by  the  respective  expenditure  shares  is  equal  to  one. 

d.  '  Coumot  Aggregation 

By  differentiating  the  budget  restraint  (2.2)  with  respect  to  the  price 
of  the  jth  commodity,  we  have: 

Z  _  3q_i 


i  Pi  3^  +  qj      0,  or 


This  can  be  expressed  as: 

z      .  !i  .  !5i  = .  Zli 

i  y      qi    3pj  y 

Expressed  as  elasticities,  this  becomes: 

^       e^j  =  -Wj,  (i  =  1,  2,  n).  (2.17) 

The  Cournot  aggregation  condition  implies  that  the  weighted  sum  of  the  elas- 
ticities for  commodity  "j"  is  equal   to  the  negative  of    the  expenditure  share 
of  the  jth  commodity. 
2.2    Estimating  the  elasticities 

In  applied  consumption  analysis,  the  objective  is  to  estimate  the  elas- 
ticity values.     However,  a  problem  emerges  because  the  number  of  food  commodities 
of  interest  is  typically  very  large.    With  no  restrictions,  the  total  number 
of  own-,  cross-,  and  income  elasticitiy  estimates  is  n^  +  n.     Hence  with  only 
20  food  commodities  (or  commodity  groups)  the  total  number  of  parameter  esti- 
mates is  420.     This  formidable  task  is  made  more  difficult  by  the  degrees  of 
freedom  problem  associated  with  estimation  equations.     Usually,  and  especially 


-10- 


with  time  series  data,  the  total  number  of  observations  is  not  sufficient  to 
permit  direct  estimation  of  all  parameters. 

To  circumvent  this  problem,  many  consumption  studies  have  been  confined 
to  a  few  aggregate  commodities.     However,  even  in  this  approach,  there  can  be 
a  problem  with  insufficient  degrees  of  freedom  using  time  series  data.  In 
this  case  it  is  necessary  to  make  a  priori  assumptions  regarding  the  value  , 
usually  zero,  for  some  cross  elasticities.     While  this  procedure  does  allow  the 
sta-tistical  estimation  procedure  to  proceed,  it  is  not  a  comprehensive  approach 
to  the  analysis.     The  only  defense  of  this  procedure  is  that  more  elasticity 
values  can  be  estimated  than  would  be  possible  without  the  a  priori  assump- 
tions . 

But  if  a  priori  assumptions  can  be  made  for  individual  elasticity  values, 
it  may  be  reasonable  to  make  such  judgments  for  categories  of  elasticity  values. 
This  is  broadly  termed  the  "integrationist"  approach.     This  approach  recognizes 
the  demand  interrelationships  among  commodities,  but  reduces  the  number  of  inde- 
pendent estimates  needed  by  making  various  assumptions  regarding  the  nature 
of  the  consumer's  utility  function. 

It  is  useful  to  begin  by  considering  the  reduction  ""'.n  independent  esti- 
mates achieved  through  use  of  the  derived  properties.     Starting  with  a  total 

of  n^  +  n  derived  estimates,  imposition  of  the  symmetry  relationship  reduces 

2 

this  number  by  h(,n    -  n)  .     The  Cournot  and  Engle  aggregation  restriction  make 
a  further  reduction  of  n  +  1  estimates.     This  leaves  ^(n^  +  n)  -  1  independent 
elasticity  values  to  be  statistically  estimated. 

If  the  example  of  20  food  commodities  (or  commodity  groups)  is  again  used, 
this  means  209  independent  estimates  are  needed.  Using  the  rule  of  thumb  that 
the  number  of  observations  should  be  2  -  3  times  the  parameters  to  be  estimated, 
this  means  roughly  400  -  600  observations.     Even  with  quarterly  observations, 
this  is  an  impossibly  long  time  series,  and  additional  restrictions  are 
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needed  if  time  series  data  are  to  be  used.     These  restrictions  would  also  prove 
useful  in  the  analysis  of  cross  sectional  data  where  the  sample  (or  cell)  size 
is  too  small  for  direct  parameter  estimation. 
2.21  Separability 

The  concept  of  separability  refers  to  a  simplifying  assumption  regarding 
the  consumer's  consumption  patterns.     Specifically,  it  is  assumed  commodities 
available  to  and  purchased    by  the  consumer  can  be  partitioned  into  mutually 
exclusive  and  exhaustive  subsets  on  the  basis  of  underlying  common  characteristics. 
Behaviorally ,  this  implies  the  consumer  first  allocates  income  between  subsets, 
then  secondly  allocates  expenditure  within  subsets.     The  extent  to  which  de- 
mand interrelationships  are  assumed  to  exist  between  subsets  results  in  "strong", 
"weak",  or  "Pearce"  separability. 

While  even  a  brief  discussion  of  separability  is  beyond  the  scope  of  this 
work,  it  is  important  to  summarize  the  implications.     First,  strong  separabil- 
ity implies  an  additive  utility  function.     Weak  separability  carries  no  such 
implication,  while  Pearce  separability  has  aspects  of  both.  Specifically, 

a)     for  strong  separability 


=  0 


for  all  i  in  I,  j  in  J  and 


k  not  contained  in  I  or  J. 


b) 


for  weak  separability 


=  0 


for  all  i  and  j  in  I,  and 


k  not  contained  in  I. 
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c)     for  Pearce  separability 

3  (— ) 
j 

  =  0         for  all  i  and  j  in  I,  and 

3qk 

k      i,  j. 

An  important  result  is  obtained  in  the  strong  separability  case  if  it 
is  extended  to  the  individual  commodity  (or  commodity  group)  level.  This 
gives  a  point-wise,  strongly  separable  situation  such  that  u^^  =  0  for  all 
1      j .     In  this  case  goods  are  called  "want-dependent."    Use  of  this  proce- 
dure, first  proposed  by  Frisch  (1959),  enables  the  estimation  of  all  direct 
and  cross  elasticities  from  knowledge  of  income  elasticities,  money  flexibility, 
and  budget  shares. 

The  want-independent  procedure  is,  however,  highly  restrictive  and  is  only 
properly  used  when  large  aggregate  commodity  groups  are  under  study.  Since 
this  is  not  the  case  with  food  demand  analysis,  the  procedure  must  be  used 
sparingly  and  with  caution.     But  since  there  are  situations  where  no  alter- 
natives exist,  the  Frisch  prodecure  is  reviewed  below. 

In    general  the  restrictions  from  strong,  weak,  and  Pearce  separability, 
when  incorporated  into  demand  equation  systems^ result  in  either  2n  or  n  +  1 
independent  parameters  to  be  estimated.     The  more  widely  known  of  these,  linear 
expenditure,  indirect  addilog,  and  Rotterdam,  are  particularily  well  suited  to 
time  series  data  if  the  associated  assumption  are  reasonable  for  the  analysis 
in  question.     However,  these  procedures    will  not  be  discussed  in  detail  here. 
2.22    Want  Independence 

Frisch  pointed  out  that,  under  the  assumption  of  want  independence,  all 
direct  price  and  cross  price  elasticities  can  be  estimated.     He  expressed 
price  elasticities   (e^j)  in  terms  of  want  elasticity  (o^^) ,  budget  shares 


-13- 


(Wj),  income  elasticities  (e^y) ,  and  the  flexibility  of  money  (cf)) 


=  ^ij  -  Wj^iy  -  J  wje^yeiy  (2.18) 


.here  a.     =  '  Un)  .  Hi 


au 


Cqi »  q2>  — »  ^n) ,  i.e.  the  marginal  utility  of 


and    (D  =  |A  .  Z  .  and  X  =  ^y 

money.    For  income  elasticities,  Frisch  had  e^^y  =  ^^.o-^^  (2.19) 
In  the  case  where  a  good  is  want  independent  of  all  other  goods,  i.e. 
a^j  =  0  for  all  i      j  ,  then, 
eij  =  -WjSiy  -  I  w^ejy  e^y,  or 

®ij  ^  ~®iy^j  (Cross  elasticity),  and  (2.20) 

®iy  ^  *^ii      (income  elasticity)  (2  21) 

From  (2.21)  it  is  possible  to  derive 

—  • 

Thus,  the  direct  price  elasticity  can  be  obtained  from  (2.18)  as 

^ii  '         -  ^i^iy  -  ^  ^i^iy^iy  °^ 
^ii  =  -Hy  (-  J  +  Wi  +  i  w^eiy)  ,  or 

ii       ®iy         "   (f)^^^^)     (direct  price  elasticity)  (2.22) 


e 
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2.3    Estimation  of  Elasticities  from  Cross  Sectional  Data 

Developing  countries  typically  do  not  have  extensive  or  complete  time 
series  on  food  quantities  or  prices.     It  is  desirable,  therefore,  to  have 
a  procedure  suitable  for  use  with  cross  sectional  data  taken  from  household 
surveys.     Such  a  procedure  would  allow  use  of  existing  data  to  estimate  food 
demand  parameters,  and  thereby  contribute  policy  relevant  information  to  de- 
velopment planning  efforts. 

The  major  problem  with  cross  sectional  data  is  the  lack  of  variability 
in  prices.     If  the  data  are  gathered  within  a  shourt  time  span,  there  may  be 
no  price  variability  except  that  due  to  transportation  and  random  variance 
in  the  markup  value. 

Fortunately,  few  surveys  are  carried  out  in  such  a  short  time  span. 
Most  household  consumption  and  expenditure  surveys  of  national  scope  take  up- 
wards of  a  year  to  complete  the  data  collection  phase.     In  most  instances, 
this  is  sufficient  time  for  price  variability  to  occur.     There  are,  of  course, 
problems  with  commodities  having  controlled  prices.     Frequently,   these  are 
the  major  food  commodities;  the  very  commodities  for  which  demand  elasticities 
are  most  urgently  needed. 

Even  with  price  variability  over  the  data  collection  phase,  the  inter- 
pretation of  the  elasticity  values  changes  slightly  from  that  obtained  from 
time  series  estimates.     Time  series  estimates  made  from  aggregate  data  refers 
to  the  average  behavior  of  a  representative  consumer  over  time.  Estimates 
from  cross  sectional  data  provide  estimates  from  which  predictions  about  the 
future  behavior  of  an  average  consumer  are.  made.     In  this  respect,  the  best 
estimates  would  be  those  based  on  data  collected  over  time  from  the  same 
households.     However,  these  panel  studies  are  prohibitively  expensive  when 
extended  to  large  sample  sizes. 
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Since  the  validity  of  the  estmation  procedure  used  hinges  on  the  amount 
and  nature  of  the  price  variability,  this  issue  is  discussed  in  more  detail. 
If  sufficient  variability  does  not  exist,  or  if  the  observed  variability 
reflects  mainly  marketing  costs  and  random  error,  then  the  meaning  of  para- 
meter estimates  is  questionable.     Sri  Lanka  household  data  is  used  as  the 
example. 

The  variablility  of  prices  was  checked  by  calculating  the  coefficient  of 
variation.     The  least  variable  household  food  commodity  price  was  eggs  at 
14.57%  in  Urban  Income  Group  2  and  3.     Most  coefficients  fell  in  the  -20  to 
30  percent  range.     A  further  check  on  price  variability  was  made  by  calculat- 
ing the  coefficient  of  variation  of  certian  household  price  ratios.     Of  those 
checked,  the  variation  of  the  ratios  exceeded  that  of  the  individual  prices. 

As  a  final  check  on  the  price  variability,  the  zero  order  correlation 
matrix  was  computed  for  Income  Groups  2  and  3,  both  Rural  and  Urban.  Because 
of  the  large  sample  size,  a  fair  number  of  the  correlation  values  were  statis- 
tically significant.     However,  of  the  1156  correlation  coefficients  computed 
in  only  three  instances  was  the  value  high  enough  to  account  for  more  than 
10%  of  the  variability.     This  was  the  price  of  rice  and  other  grains,  tobacco 
products  and  other  grains,  and  eggs  and  food  eaten  away  from  home  in  Urban 
areas.     In  only  11  instances  was  more  tan  5-2%  of  the  variance  accounted  for. 
Nearly  all  the  correlation  values  were  small  that  only  1%  of  the  variance 
between  prices  was  accounted  for.     Hence,  the  observed  variability  appears 
to  be  sufficient  to  provide  reliable  estimates. 

However,  there  is  still  the  unanswered  question  of  the  nature  of  the 
price  variability.     Is  it  "real"  variation,  or  simply  due  to  marketing  costs 
and  random  error?     Since  the  Sri  Lanka  data  does  not  permit  this  question 
to  be  directly  addressed,   it  becomes  necessary  to  examine  other  evidence  for 
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insight  into  the  nature  of  the  price  variation. 

We  note  first  that  if  the  observed  price  variability  is  due  consistently 
and  primarily  to  marketing  costs,  there  must  exist  a  highly  competitive  market 
through  the  entire  economy.     This  implies  the  existence  of  many  small  retail 
outlets  actively  competiting  for  the  business  of  well  informed  customers. 
There  are  undoubtedly  instances  where  a  close  approximation  to  this  occures  in 
developing  economies,  but  it  is  unlikely  to  hold  over  wide  geographic  areas, 
over  time,  or  over  diverse  commodities.     The  reason  for  the  relative  lack  of 
competition  is  the  absence  of  the  necessary  social  inf rastrucutre;  all  weather 
roads,  good  storage  and  transportation  facilities,  and  a  well  organized  market 
information  system  for  both  buyers  and  sellers.     Since  this  infrastructure  is 
typically  lacking  in  developing  economies,  it  seems  reasonable  that  at  least 
a  part  of  the  observed  price  variability  can  be  attributed  to  "real"  differ- 
ences in  the  prices  charged  to  customers.     Also,  it  is  unlikely  that  price 
ratios,  even  in  adjacent  markets,  would  remain  constant. 

There  are  two  other  sources  of  price  variation  that  could  be  significant. 
One  is  differences  in  cost  per  unit  associated  with  volume  purchases.  The 
extent  of  any  volume  discount  and  whether  this  reflects  only  differences  in 
packaging  and  handling  costs  would  depend  upon  the  competitiveness  of  the 
market  situation. 

The  second  source  of  variation  is  time  and  space.     Even  though  the  data 
derive  from  a  cross-sectional  survey,  the  time  span  of  this  national  survey 
was  one  year.     As  noted  earlier,  Hassan  and  Johnson  found  their  study  to  be 
"sufficiently  long  and  for  cities  sufficiently  diverse  that  a  reasonable 
amount  of  variation  in  implicit  prices  was  available  for  study."  (Hassan  and 
Johnson,  55) .     Thus,  given  that  (a)  sufficient  variation  exists  in  food  com- 
modity prices,   (b)  indirect  evidence  suggesting  the  observed  variability  may 
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be  "real,"  (c)  the  existence  of  another  study  which  has  found  elasticity 
estimates  from  cross-sectional  data  to  be  useful,   (d)   insufficient  time  series 
data,  and  (e)  the  great  need  for  the  analytical  results  for  policy  decisions, 
it  was  decided  to  proceed  with  the  direct  estimateion  of  a  full  demand 
elasticity  matrix  based  upon  the  Sri  Lanka  household  consumption  and  expenditure 
survey  data. 

In  summary,  the  system  of  demand  equations  used  in  the  Sri  Lanka  study 
is  shown  below  and  in  Figure  1.     The  details  of  the  estimation  procedure  are 
discussed  in  a  later  section  of  this  paper. 

The  commodity  data  problems  associated  with  survey  data  are,  in  many  re- 
spects, the  opposite  of  those  found  in  aggregate  time  series  data.     That  is, 
the  food  items  are  so  finely  specified  that  the  number  of  commodities  becomes 
overwhelming.     The  obvious  solution  is  to  aggregate  individual  food  items  into 
commodity  groups.     But  what  foods  are  to  be  aggregated  into  which  groups? 
And  how  many  commodity  groups  are  needed? 

These  are  empirical  questions  that  are  difficult  to  answer  a  priori. 
The  more  detailed  the  data  and  the  demand  estimates,   the  more  useful  the  re- 
sults for  policy  planning  efforts.     The  trade-off  comes  in  the  degree-of- 
freedom  estimation  problem  discussed  above,  and  in  the  number  of  households 
recording  "no  purchase"  for  the  lesser  commodities.     Such  a  system  below, 
=        +  b^^  pi  +  b^2  P2  +         P3  +  ...  +  bii7  +  b^^^y 

Q2  =  A2  +  b2i  Pi  +  \>22  P2  +  ^23  P2  ^217  Pl7  ^  "^lyJ 

Q3  = 


^17  -  ^17      ^17lPl      ^172P2      ^173P3  +         +  "^miVn  +  b^^^y 
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is  a    direct  specification  of  the  demand  equations  and    requires  the  estimation 
2 

of  ii(n    +  n)  -  1  aprameters.  This,  of  course,  requires  a  substantial  sample 
size  given  moderate  detail  of  food  items,  but  not  too  large  for  many  house- 
hold surveys.     There  is  also  the  advantage  that  no  a  priori  assumptions,  such 
as  weak  versus  strong  separability,  need  be  made.    This  could  prove  important, 
since  intimate  knowledge  of  consumption  patterns  may  be  lacking. 

The  theoretical  conditions  employed  in  construction  of  the  elasticity 
(now  constraint)  matrix  are  listed  below: 

Homogeneity  condition:     j  ^ij  +  ^iy  ~  0 

Slutsky  or  symmetry  condition: 

^ij  =  ^  ^ji  +      ^^jy  -  ^iy> 

Engel  aggregation:        w- e.     =  1       (column  constraint) 

i 

Coumot  aggregation:     ^  Wi^ij  =  ~Wj 

3 . 0    Review  of  Previous  Studies 

A  great  number  of  empirical  studies  in  the  United  States  and  some  studies 
in  developing  countries  have  been  undertaken  to  explain  demand  characteristics 
and  consumer    behavior.     However,  these  studies  are  mostly  partial  analyses 
made  on  individual  commodities  without  consideration  for  the  interdependent 
nature  of  the  demand  system.     Notable  exceptions  are  found  in  Brandow  (1961), 
and  George  and  King  (1971)  for  U.S.  food  commodities,  and  Hassan  and  Johnson 
(1976)  in  Canada.     For  developing  countries,  Per  Pinstrup-Andersen  et  al . 
(1976)  provided  empirical  application  of  food  demand  system  model  for  Columbia, 
and  Le-Si  and  Pomareda  (1976)  for  Zambia.     The  purpose  of  this  section  is  to 


outline  the  general  procedure  used  by  Brandow,  and  George  and  King  for  con- 
structing the  full  demand  elasticity  matrix  at  retail  level  for  major  food 
items  in  the  United  States. 
3. 1     Brandow  Study 

Brandow  contructed  a  complete  demand  elasticity  matrix  (    2    )  for  24  fooi 
or  food  groups,  of  direct,  cross  price,  and  income  elasticities.     The  model 
is  synthesized  in  that  several  statistical  estimates  were  taken  from  other 
studies.     The  analysis  used  the  theoretical  restrictions  on  the  coefficients 
to  provide  internal  consistency  to  the  demand  matrix. 

In  the  estimation  process  for  the  24  commodity  items  or  groups,  Brandow 
first  constructed  a  table  of  elasticities  for  14  foods  (groups).     He  combined 
all  meats,  poultry,  and  fish  (7  items)  into  a  single  group  called  "meat,"  and 
butter,  margarine,  etc.   .   .   .  into  a  "fats  and  oil"  group.     The  expansion 
of  the  table  from  14  items  to  24  items  was  based  on  the  assumption  that  the 
influence  of  the  price  of  food,  other  than  "meat"  or  "fats  and  oil"  would 
affect  demand  for  each  individual  meat  or  each  individual  "fat  and  oil"  item 
identically. 

The  estimation  of  elasticities  for  the  14  foods   (groups)  may  be  outlined 
as  follows: 

1.  Estimation  of  direct  price  elasticities  which  form  the  main  diagonal 
of  the  elasticity  matrix  (e^^-j^) . 

2.  Estimation  of  income  elasticities  for  each  food  (e-j^y) 

3.  Estimation  of  cross-elasticities  showing  the  influence  of  non-food 
prices  on  the  demand  for  individual  foods  (Sj^^j)  • 

4.  Estimation  of  cross-elasticities  showing  the  effects  of  food  prices 
on  non-food  demand  by  application  of  the  symmetry  condition  (e^f i) • 
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5.     Estimation  of  cross-elasticities  for  individual  foods  (^ij)* 
The  last  step  of  the  procedure  may  be  broken  down  as  follows: 

a.  For  the  first  row,  the  sum  of  food  cross-elasticities  ^1  =  2  ^Ij 
could  be  deduced  since  the  direct  price  elasticity  (ej^p,  the  non-food  cross 
elasticity  (e-j^j^f),  and  the  income  elasticity  (e^^)  were  known  from  previous 
steps  of  the  procedure.     Hence,  under  the  homogeneity  condition, 

eil  +  2^1j  ^Inf  ^ly  =  0'  °^ 
^1  "  2^1j  "  "^^11      ^inf  eiy) 

b.  For  the  first  column,  each  value  of  the  food  cross-elacticities 

e^j  was  chosen  so  that  it  was  proportional  to  Rj^  and  the  weighted  sum  of 

all  cross  elasticities  met  the  Cournot  aggregation  condition, 

n^il  +  +  ^nf^nfl  =  -^1'  °^ 

^w^eii  =  -(wi  +  w^e-Li  +  Wnfe^fi) 

c.  Once  the  food  cross-elasticities  in  the  first  column  were  known,  the 
food  cross-elasticities  in  the  first  row  could  be  deduced  using  the  symmetry 
condition. 

d.  For  the  second  column,  the  individual  food  cross-elasticities  were 
chosen  so  that  their  values  were  in  proportion  to  R2  =  3         ~  ~^^22      ^2nf  ^  ^ 
and  their  weighted  sum  was  3^i^i2      "^^2  +  "^1^x2  +  W2e22  +  Wnf^f2) 

The  individual  food  cross-elasticities  in  the  second  row  e2j  were  computed  by 
the  symmetry  relation, 

e.  These  steps  were  repeated  for  the  remaining  columns  and  rows  to  com- 
plete the  table. 

The  estimation  of  demand  elasticities  for  total  food  was  made  using  severa 
time-series  analysis,  judgment  based  on  elasticity  values  from  other  studies, 
and  Frisch's  relations,  so  that  the  price  and  income  elasticities  summed  to 
zero.     The  cross-elasticities  showing  the  effects  of  the  price  of  total  food 
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on  individual  foods  were  the  sums  of  direct  and  cross-elasticities  across 
the  row  for  each  food.  The  cross-elasticities  showing  the  effects  of  the 
prices  of  individual  food  items  on  total  food  were  computed  by  symmetry. 

Since  many  of  Brandow's  direct  price  elasticities  were  derived  from 
other  studies,  there  is  not  complete  consistency  in  the  estimation  methods 
and  time  periods  used.     Also  it  was  necessary  to  use  personnal  judgment  to 
assign  some  elasticity  values  to  meet  the  theoretical  restrictions. 
3. 2    George  and  King  Study 

George  and  King  constructed  a  complete  matrix  of  demand  interrelation- 
ships for  49  foods  or  food  groups.     The  food  commodities  were  chosen  on  the 
basis  of  their  share  of  the  food  budget  (at  least  .3  percent)  and  the  avail- 
ability of  data  on  prices,  quantities,  and  incomes.     The  theoretical  restric- 
tions were  used  in  the  specifications  of  demand  coefficients. 

The  elasticity  matrix  was  constructed  as  follows: 

1.  Constructing  the  15  commodity  groups:     The  49  food  commodities  were 
combined  into  15  groups  using  the  method  developed  by  deJanvry  (     4  ) .  The 
grouping  is  based  on  proportionality  factors  as  functions  of  price  elasticities, 
income  elasticities,  and  budget  shares. 

2.  Estimation  of  coefficients  of  each  commodity  within  each  group: 
Within  each  group,  a  demand  equation  for  each  commodity  was  specified  with 
the  quantity  as  the  dependent  variable  and  as  independent  variables  the  price 
of  all  individual  commodities  in  the  same  group,  price  indices  of  other  food 
groups,  and  income.     In  this  manner,  the  direct  price  elasticity  (q±±) ,  the 
cross  price  elasticity  (e^j),  and  the  income  elasticity  (^±y)  for  each  food 
item  was  directly  estimated.     Several  estimates  were  made  for  each  coefficient 
using  both  annual  and  quarterly  data,  and  by  using  both  logarithmic  form  and 
the  first  difference  of  variables  logarithms.     One  estimate  was  chosen  for 
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each  coefficient  after  checking  certain  desirable  statistical  properties,  use 
of  intuitive  judgment,  and  reference  to  the  theoretical  properties  of  the  para- 
meters. 

3.     Estimation  of  income  elasticity  for  all  food  (e^y) :     This  was  cal- 
culated as  the  weighted  average  of  the  income  elasticities  for  individual 
commodities. 


^fy 


_  ^l^ly      ^2^2y  +  ♦  • '  +  W49e49y 
Wj^  +  W2  +  .  •  •  + 


where  the  w^  are  expenditure  proportions. 

4.  Estimation  of  income  elasticity  of  nonfood  (^^Qy) • 
Using  the  Engel  aggregation  condition  we  have, 

^l^ly  ■**  "^Z^Zy  +  •  •  •  +  W49e49y  +  W5oe3Qy  =  1 

Thus, 

1  -  (wj^eiy  +  ^2^2y      —  ^49®A9y^ 

esOy  =   ' 

^50 

5.  Estimation  of  direct  price  elasticity  for  all  food  i^ff)' 
The  Frisch  equation  gives 

l-wfefy 
=  -  efy  (Wf  ), 

where  efy  was  given  in  step  3  above  and  <}) ,  the  money  flexibility  coef- 
ficient, was  taken  from  Brandow's  study  as  -.86. 

6.  Estimation  of  direct  price  elasticity  for  nonfood  (s50'50^' 
Using  the  Frisch  formula,  we  obtain 

®50,50  "  "^50y  ^^50  "  4,  ^ 

where  e^Qy  was  given  in  step     4  above  and  c()  =  -.86. 
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7.  Estimation  of  the  cross  elasticity  showing  the  effect  of  nonfood 
prices  on  all  food  consumption  (ej ^q) : 

Under  the  homogeneity  restriction,  we  have 

^ff  +  ^f50      ^fy  =  0'  °^ 

^f50  =  -^^ff  +  ^fy) 

where  e^^  was  given  in  step  5  and  ejy  in  step  3. 

8.  Estimation  of  the  cross  elasticity  showing  the  effects  of  all  food 
prices  on  nonfood  demand  i^^Qf) ' 

From  the  symmetry  relation,  we  have 

I 

Wf 

^50f  =  ^  ^f50  -  ^f  ^^50y  "  ^fy^ 
where  e^^Q  was  calculated  in  step  7,  e5o  in  step  4,  and  e^y  in  step  3. 

9.  Estimation  of  cross  elasticities  showing  the  effects  of  nonfood 
prices  on  consumption  of  individual  foods  (e-j^^Q)  : 

From  the  Frisch  equation  we  derive 

^150  =  "^iy  ^50  (1  + 
where  e-j^y  was  estimated  directly  in  step  2,  and  e^Qy  was  calculated  in  step 

10.  Estimation  of  cross  elasticities  showing  the  effects  of  individual 
food  prices  on  nonfood  demand  (e^Q-j^) : 

The  symmetry  condition  gives 

^50i  =  ^  ^i50  -  ^i  (^50y  "  ^iy^ ' 

where  e-L5o  was  given  in  step  9,  e^Q^  in  step  4,  and  e^^y  in  step  2. 

11.  Estimation  of  the  cross  elasticities  showing  the  effects  of  all 
food  prices  on  consumption  of  individual  foods  (e^j) : 
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Under  the  homogeneity  restrictions  we  have 

^if      ^i50      ^iy  =  °' 


^if  =  -(^iSO  +  ^iy) 


where  e^^Q  was  calculated  in  step  9  and  the  e^^  was  directly  estimated  in 
step  2. 

12.     Estimation  of  cross  elasticities  showing  the  effects  of  individual 
food  prices  on  all  food  consumption  (Bf±) : 

The  Cournot  aggregation  gives 

^1  ^li  +  W2  e2i  +  . . .  +  W49  e49i  +  W50  e3Q^  =  -w^ 
From  the  definition  of  ej^  we  have 

^l^li  "•"  W2e2i  +  ...  +  W49^49i 

^fi  ~  111  ,  or 

W]^  +  W2  +  . . .  +  W49  ' 

w-j^  e-^^  +  W2  e2i  +  —  +  W49  e^g^  =  (w-j^  +  W2  +  ...  +  W49)  ef^,  and 

Wi  e;^^  +  w^  e2i  +  ...  +  W49  649^  =  w^ef^ 

Hence,  the  Cournot  aggregation  becomes 

Wf  ef i  +  W5Q  e50i  =  -Wi  and 

w^  +  W50  e50i 


-fi 


w^ 


where  e^Q^  was  calculated  in  step  10. 

13.     Estimation  of  cross  elasticities  showing  the  effects  of  individual 
food  prices  on  consumption  of  individual  foods  in  other  groups  (eij) 

i  ^  j,  i  contained  in  I,  but  j  not  contained  in  I: 

Consider  the  ith  commodity.     For  convenience,  we  assume  that  the  first 
K  commodities  belong  to  the  same  group.     Then,  using  the  homogeneity  restriction 

(eii  +  ei2  +  ...  +  eik)  +  ei]^+i  +  ...  +  6^49  +  6^50  +  e^y  =  0, 
where  the  coefficients  within  the  parentheses  and  e^y  were  estimated  in  step  2, 
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and  e^5Q  was  calculated  in  step  9.     Now  letting        be  the  sum  of  cross  elas- 
ticities outside  the  group  under  consideration,  we  have 

^i  =  +  ...  +  ^±U9-  Then 

Ri  =  -(eii  +         +         +  eik)  -  ei5o  -  ej,y,  or 
Ri  =  -(eii  +  ei2  +  ...  +  eik  +  6^50  +  e^y) 
The  individual  cross  elasticities  e^j  outside  the  group  were  calculated  on 
the  basis  of  the  Frisch  relation 

®ij  "  "®iy  '  hence 

all  values  on  the  right-hand  side  were  known,  with  the  sum  of  the  coefficients 
obtained  from  the  above  relation  restricted  to  equal  Ri.     The  values  of  the 
individual  coefficients  e^^  were  adjusted  so  that  they  summed  to  R^^,  while 
maintaining  proportionality  to  the  Frisch  relationship.     Values  for  the  first 
row  of  cross  elasticities  were  calculated  by  the  above  method  and  the  coeffi- 
cients for  the  first  column  were  calculated  by  symmetry.     Then,  the  second 
row  was  completed  and  the  second  column  was  again  calculated  by  the  symmetry 
relation.     This  procedure  was  repeated  until  a  complete  matrix  of  elasticities 
was  obtained. 

4.0    Empirical  Study:     Case  of  Sri  Lanka 

In  this  section  the  procedure  used  in  this  study  to  construct  the  matrix  of 
demand  elasticities  is  discussed.     The  estimates  are  made  in  a  manner  which 
conforms  to  restrictions  imposed  by  economic  theory.     Further,  the  estimates 
are  made  by  income  group  within  residency  area,  since  the  results  are  designed 

to  be  used  in  policy  decision-making  and  planning. 

The  data  needs  for  this  endeavor  are  large.     Normally,  national  aggre- 
gate time-series  data  are  used  to  describe  changes  in  demand  over  time  and 
thus  to  estimate  price  elasticities.     Such  data  are  seldom  available  in  de- 
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veloping  countries.     However,  a  recent  study  has  shown  that  it  is  feasible 
to  estimate  price  parameters  using  household  consumption  and  expenditure  sur- 
vey data.  2./    Therefore,  it  was  decided  to  use  available  household  survey  data 
to  estimate  the  desired  relationship. 

4.1  Data 

The  data  source  for  this  study  is  the  Socio-Economic  Survey  of  1969/70 
conducted  over  a  twelve-month  period  for  the  whole  island  of  Sri  Lanka. 
The  survey  was  designed  to  provide  information  on  living  conditions,  and 
household  income  and  expenditure  patterns.     Special  attention  was  given  to 
food  expenditure  and  consumption  levels.     The  survey  covered  9,700  private 
households,  stratified  into  3  geographical  areas  (urban,  rural,  and  estate), 
and  classified  into  6  income  groups.     Food  consumption  data  was  collected  by 
trained  interviewers  using  "a  recall  list."    The  interviewers  also  made  daily 
visits  to  record  food  items  purchased  for  seven  consecutive  days. 

4.2  The  Food  Groups 

From  a  list  of  some  two  hundred  individual  foods,  18  food  groups  were 
formed.     These  groupings  were  based  upon  food  similarity,  budget  share,  and 
availability  via  food  aid  programs.     In  this  study,  the  overall  category  of 
food  includes  both  alcoholic  and  non-alcoholic  beverages,  as  well  as  tobac- 
co and  betel.    A  food  group  listed  as  "unidentified"  was  included  for  bud- 
getary completeness.     However,  no  other  information  (food  item  or  quantities) 
are  available  for  this  latter  group.     Rice  was  maintained  as  a  single  food 
item  commodity  group  because  of  its  predominance  in  the  Sri  Lankan  diet. 
All  expenditures  for  non-food  items  were  aggregated  into  a  single  group. 

U  Hassan  and  Johnson  (   8    )  cited  a  number  of  empirical  studies  using  budget 
data  and  provided  a  comparison  of  results  obtained  by  time-series  data  and  by 
budget  data. 
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4 . 3    The  Estimation  Procedure 

Demand  equations  were  estimated  individually  for  each  food  group.  The 
equations  were  specified  with  quantities  as  dependent  variables  and  prices  of 
food  commodities  and  income  (expenditure)  as  independent  variables.  The 
unit  of  observation  was  the  household. 

Per  capita  quantities  purchased  by  the  households  were  used  in  the  esti- 
mation equaitons.     For  food  items  within  groups  not  expressed  in  the  same 
quantity  units,  these  were  converted  into  a  uniform  unit  and  added  together. 
The  sum  was  then  divided  by  household  size.     Prices  of  all  commodities  are 
implicit  prices,  obtained  by  dividing  expenditures  by  quantities. 

Household  "income"  is  the  per  capita  expenditure  reported  by  the  house- 
hold for  all  food  and  non-food  items  and  was  obtained  by  summing  the  expendi- 
ture for  each  item,  then  dividing  by  household  size. 

Two  functional  forms,  linear  and  double-logarithmic,  were  used  to  esti- 
mate the  parameters  for  each  demand  equation.     The  criteria  for  selection 
of  the  "better"  form  was  based  on  an  overview  of  the  statistical  properties, 
and  the  expected  signs  of  the  individual  coefficients. 

Due  to  the  small  number  of  surveyed  households  with  purchases  in  all  food 
groups,  a  simultaneous  equations  approach  could  not  be  used.     Further,  it  was 
necessary  to  estimate  the  individual  demand  equations  were  estimated  using  two 
or  more  "partial"  analyses  to  obtain  estimates  for  all  cross  elasticities.  In 
each  partial  analysis  equation,  estimates  were  made  using  quantitiy  as  the 
dependent  variable  own-price  and  income  plus  some  of  the  other  prices  as  in- 
dependent variables.     Succeeding  estimates  used  the  remaining  price  variables, 
retaining  own-price  and  the  percapita  "expenditure.     Thus,  a  number  of  co- 
efficients were  generated  for  the  direct-price  and  expenditure  elasticities. 
The  value  used  for  these  coefficients  was  the  average  of  the  coefficients 
arising  from  all  the  partial  analyses. 
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The  Estimation  was  performed  one  commodity  (equation)  at  a  time.     Since  the  coef- 
ficient for  the  cross-elacticities  may  depend  upon  its  location  in  the  array 
of  all  commodities,  the  commodities  were  arranged  by  proportion  of  total  ex- 
penditure. Thus, 

Wi  =  Piqi  /         V±q±  i  =  1,  2,  18,  nf 

and , 

w^  +  W2  +  -  -  -  +         +  Wnf  =  1 
W]^  +  W2  +  -  -  -  +  wj^g  =  Wf 
where  w^  =  expenditure  proportion  for  commodity  i. 
Pi  =  price  for  commodity  i, 
q^^  =  per  capita  quantity  for  commodity  i, 

nf  =  refers  to  non-food  group,  and  f  refers  to  all  food  group. 
The  elasticity  matrix  was  constucted  in  the  following  manner: 

(a)  Since  there  was  no  available  information  on  unidentified  foods  con- 
cerning their  nature,  quantities,  or  prices,  elasticities  could  not  be 
calculated.     These  values  were  arbitrary  set  to  zero.     Unidentified  foods 
were  classified  into  the  18th  commodity  group.     Thus,  we  have  e±is,  and 

^IBj  ~  ^         ^-^-^         ^^'^  Slid  Sj^g-j^g  =  0,  e-j^gy  =  0,  and  &yiQ  =  0. 

(b)  The  estimation  of  the  elasticities  was  done  on  a  commodity  by 
commodity  basis  beginning  with  rice,  the  first  commodity.     The  direct- 
price  elasticity  (ej^j^)  ,  the  cross-price  elasticities  (e^^j),  and  the  in- 
come elasticity  e^^y  were  estimated  directly,  using  two  or  more  equations  as 
described  above. 

(c)  For  the  second  row,  the  direct-price  elasticity  (^22)  >  the  cross- 
price  elasticities  (^2j  where  j  =  3,.  4,  17)  and  the  income  elasticity 

A/  It  should  be  noted  that  the  partial  equation  approach  resulted  in  very 
small  changes  in  the  cross  elasticity  estimates  between  equations.     This  is 
because  of  the  very  low  correlation  among  the  prices. 
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(e2y)  were  determined  in  the  same  manner  as  for  the  first  row. 

(d)  The  estimation  process  of  (b)  and  (c)  above  was  repeated  until  the 
17th  row  for  the  calculation  of  direct-price  elasticities,  cross-price 
elasticities,  and  income  elasticities  was  completed. 

(e)  The  income  elasticity  for  all  food  (efy)  was  obtained  as  weighted 
average  of  the  income  elasticities  for  individual  food  items.     The  weights 
are  the  proportions  of  expenditures  on  each  food  items  with  respect  to  the 
total  expenditure. 


wieiy  +  W2e2y  +  ...  +  w^seiSy^  or 

-r  W2  T    .  .  .    -r  Wj^g 


Wi    +  Wo   +    .  .  .    +  W 


^  wie^y  +  W2e2y  +  ...  +  w^geisy 

Wf 

where  w^  =  Wj^  +  W2  +  ...  ■•" 

and  e-j^y,  ^2y*  ^18y  estimated  in  (b)  ,   (c)  and  (d)  above. 

(f)  The  income  elasticity  for  non-food  (e^^fy)  was  deduced  from  the  Engel 
aggregation.    According  to  this  restriction,  the  weighted  sum  of  all  the  in- 
come elasticities  is  unity  with  the  weights  being  the  expenditure  proportion. 

Thus , 

w^eiy  +  W2e2y  +  ...  +  w^ge^gy  +  ^nf%fy  ^  ^ 

or, 

^nf^fy  =  1  -  ^^l^ly  +  '^2^2y  +  •••  +  ^iseiSy)- 
From  (e)  above,  we  have, 

^nf^nfy  =  ^  "  ^f^fy' 

or, 

1    -  ^fgfy 

^nfy  " 
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(g)  The  cross-price  elasticities  in  the  columns  were  calculated  by  the 
symmetry  condition  from  those  in  the  rows.     This  was  done  to  assure  adher- 
ence to  the  theoretical  conditions.     Thus,  for  the  first  column,  second  row, 
the  cross-price  elasticity  (&2l^        computed  from  the  cross-price  elasticity 
(^12^  in  the  first  row,  second  column.     Under  Slutsky's  condition,  we  have: 

_  ^1 

®21  "  ^  (ei2)  +  w^CejLy  "  ®2y^  '  °^  general 

^jl  -  ^  (^Ij)  +  ^l^^ly  -  ^jy)' 

where  Wj^  and  w^  are  expenditure  proportions,  e^^^  and  e^^  were  estimated  in  (b) , 
and  e.     in  (c)  or  (d)  above. 

(h)  The  process  of  calculating  the  cross-price  elasticities  in  the  suc- 
ceeding columns  was  performed  in  the  same  manner. 

(i)  The  cross-price  elasticities  showing  the  effects  of  aggregate  food 
price  on  individual  food  quantities  i^j^f)  was  calculated  as  the  sums  of  all 
prices  elasticities  in  the  ith  row.  Thus, 

^if  =  ^il  +  ^i2  +  •••  +  His  (i  =  1,  2,  18) 

where  e^j's  were  estimated  by  the  above  steps. 

(j)     The  cross-price  elasticities  showing  the  effects  of  non-food  prices 
on  individual  food  quantities  (e^j^f)    were  calculated  by  the  homogeneity  re- 
strictions.    Under  this  restriction,  we  have, 

Hi  +  ®inf  +  ^iy  =  0- 

Thus , 

®inf  =  "(®if      ^iy^  • 
(k)     The  cross-pricerelasticities  showing  the  effects  of  individual  food 

prices  on  all  food  (e^^)  were  the  symmetries  of  cross-price  elasticities  show- 
ing the  effects  of  all  food  prices  on  individual  foods  (e. ^).     We  have 
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w. 


^fi  -^^i^^iy  -  ^fy)' 

where        and  Wf  are  expenditure  proportions,  and 

e^f  is  determined  in  (i) , 

e-j^y  is  determined  in  (b)  ,   (c)  or  (d) ,  and 

Bfy  is  determined  in  (e) . 

(1)     The  cross-price  elasticities  showing  the  effects  of  individual  food 
prices  on  non-food  group  (e^^f-j^)  were  calculated  as  the  syimnetries  of  the  cross- 
prices  elasticities  showing  the  effects  of  non-food  prices  on  individual  foods 
(e^j^f).  Thus, 

w  • 

e       =  -i:—  (6,-  4:)  +  w^-Ce^..-  -  e  ^  ) 
nfx      Wj^f      mf        1^  ly  nfy 

where  Wj^  and  w^^  are  expenditure  proportions, 
Q±^f  is  determined  in  (j), 
e^y  is  determined  in  (b) ,   (c)  or  (d) ,  and 
&^fy  is  determined  in  (f ) . 

(m)     The  direct-price  elasticity  for  all  food  (^ff)  was  calculated  as  the 
sum  of  elasticities  showing  the  effects  of  individual  food  prices  an  all  food: 

18 

^ff  =    ^  Sfi 
i=l 

where  e^j^  was  estimated  as  in  (k) . 

(n)     The  cross-price  elasticity  showing  the  effect  of  non-food  price  on 
all  food  (Sfj^f)  was  deduced  from  the  homogeneity  condition.  Thus, 

Sfnf  =  -(^ff  +  ^fy)' 
where  e^^  is  determined  in  (m) ,  and  e^^  in  (e) . 

(o)     The  cross-price  elasticity  showing  the  effect  of  all  food  price  on 

non-food  group  (e^ff)  was  the  symmetry  of  Qf-^f  obtained  above.  Thus, 

\ff  =  ^    (^fnf)  +  ^f<^fy  -  ^fy)' 
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where  W£  and  w^^  are  expenditure  proportions,  e^^  was  obtained  in  (e) ,  and  e^^^ 
in  (f). 

(p)    The  direct-price  elasticity  of  non-food  (e^f^f)  deduced  from  the 

homogenity  condition.  Hence, 

^nfnf  =  -(^nff  +  ^nfy^ ' 
where  e^^f f  was  obtained  in  (n) ,  and  e^fy  in  (f )  above. 

5.0    The  Findings 

The  findings  are  the  preliminary  (and  partial)  results  of  our  analysis. 
Additional  analyses  are  currently  underway.     All  the  results  obtained  to  this 
data  are  presented  in  the  Tables  in  the  Appendicies.     Because  of  the  detail 
and  volumn,  no  attempt  will  be  made  to  discuss  each  table  individually.  Rather, 
certain  aspects  of  the  results  of  particular  relevance  to  development  policy 
decisions  are  discussed  in  the  following  section.    Here,  it  is  sufficient  to 
point  out  that  while  a  few  of  the  estimates  obtained  are  clearly  unreasonable, 
the  majority  appear  to  be  both  reasonable  in  magnitude  and  internally  consistent. 


5.1    Policy  Analysis 

The  objective  of  this  section  is  to  illustrate  the  utility  of  the  in- 
formation derived  from  the  analysis.     Readers  are  reminded  that  while  actual 
data  will  be  discussed,  there  are  still  a  few  problems  with  a  numerical  re- 
sults that  remain  to  be  resolved.    However,  it  is  now  clear  that  these  can 
be  resolved  with  additional  work.     Thus,  while  the  results  are  still  pre- 
liminary and  subject  to  change  as  refinements  are  introduced  into  the  meth- 
odology, they  are  presented  in  the  interest  of  more  clearly  illustrating 
the  potential  utility  of  this  analysis  for  policy  decisions.     It  should 
be  noted  that  care  must  be  taken  not  to  ascribe  the  results  per  se  to  a 
present  day  developing  economy,  even  the  economy  of  Sri  Lanka.    The  study 
is  out  of  date,  taken  at  a  time  when  Sri  Lanka  had  a  very  different  market 
structure  than  exists  today,  and  thus  does  not  reflect  current  circumstances. 
The  extent  to  which  the  results  can  be  generalized  to  other  LDC  economies 
is  not  yet  known. 

To  illustrate  the  policy  relevance  of  the  results,  a  series  of  examples 
will  be  used.     These  examples  will  cover  three  points.     First,  the  "total 
net  nutritional  change"  information  of  direct  relevance  to  policy  decisions  will  be 
presented.     Secondly,  at  this  stage  in  the  development  of  the  procedure, 
it  is  important  to  point  out  how  a  detailed  analysis  of  the  preliminary 
results  can  be  used  to  derive  improved  estimates  for  use  in  future  work. 
Third,  use  of  the  analysis  to  gain  insight  into  the  impact  of  capital  im- 
provement projects  will  be  illustrated. 

In  Sri  Lanka,  as  in  many  LDC's,  an  official  price  structure  for  food 
commodities  exists.     Such  prices  are  subject  to  change  with  the  prevailing 
politics  of  the  time.     The  importance  of  these  price  changes  lies  in  their 
impact  on  consumption  (and  production)  of  food  commodities.    The  procedure 
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discussed  in  this  paper  can  provide  estimates  of  the  nutritional  and  agri- 
cultural impact  for  any  combination  of  price  changes. 

As  an  example,  let  us  assumed  that  a  change  in  the  official  price  struc- 
ture is  being  considered.    A  relevant  question  then  becomes,  "What  nutri- 
tional impact  will  a  given  price  change  have  on  the  identified  groups?" 
Preliminary  results  for  several  price  change  scenarios  are  given  in  Table 
1. 

The  data  in  Table  1  shows  that  for  Scenario  1,  a  10%  increase  in  the 
price  of  rice,  there  will  be  a  net  decrease  of  18  calories  per  capita  per 
day  for  consumers  in  Urban  Income  Group  II.     Further,  the  protein  consump- 
tion of  this  group  decreases  by  nearly  0.4  grams  per  capita  per  day.  These 
figures  are  not  large  and  indicate  that  for  reasonable  changes  in  the  price 
of  a  stable  food,  consumers  in  Urban  Income  Group  II  make  substitutions 
among  the  food  groups  such  that  their  caloric  and  protein  intake  is  approxi- 
mately maintained. 

It  is  instructive  to  take  a  detailed  look  at  the  food  substitutions 
as  calculated  from  the  data.     The  10%  increase  in  the  price  of  rice  only 
leads  to  a  series  of  changes  in  the  quantities  of  all  the  other  foods  de- 
manded/consumed via  the  cross  elasticity  values.    As  expected  the  quantity 
of  rice,  and  hence  the  caloric  consumption,  decreases  with  the  price  in- 
crease in  the  amount  of  33.6  calories/capita/day.     However,  this  is  almost 
exactly  offset  by  the  increase  in  consumption  of  Nuts  and  Fruits  amounting 
to  32.8  calories/capita/day.     Decreased  consumption  of  Other  Grains  reduces 
intake  of  calories/capita/day  by  25.0.     Other  changes  in  consumption  are 
of  lesser  magnitude  and  may  be  noted  in  Table  1,  with  the  net  effect  being 
the  decrease  of  18  calories/capita/day  perviously  mentioned. 

Interestingly,  the  changes  in  the  level  of  consumption  among  the  food 
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connnodities  results  in  a  very  similar  protein  substitution  pattern.  The 
decrease  in  protein  consumption  from  Rice  is  nearly  offset  by  the  increase 
from  Nuts  and  Fruits.    About  half  the  decrease  due  to  Other  Grains  is  off- 
set by  the  increase  in  eggs.     The  other  changes  in  protein  consumption  are 
smaller  in  magnitude  and  sum  to  the  0.4  grams/capita/day  decrease  noted 
above. 

There  are  several  additional  points  worth  noting.     First,  the  change 
in  relative  cost  of  calories  and  protein  after  the  price  change  is  also 
shown  in  Table  1.    While  all  the  food  group  nutrient  cost  changes  are  small, 
the  net  change  in  cost  per  100  calories  is  slightly  negative.     This  means 
that  consumers  in  Urban  Income  Group  II  respond  to  the  10%  increase  in  the 
price  of  Rice  by  purchasing  a  combination  of  foods  which,  on  the  average, 
provide  slightly  less  expensive  calories  than  those  consumed  before  the 
price  change.     However,  the  cost  per  gram  of  protein  from  these  same  foods 
increased  slightly. 

While  not  actually  analyzed  here,  the  procedure  can  be  used  to  assess 
the  quality  of  the  protein  consumed  before  and  after  changes  induced  by 
the  price  increase  in  rice.     From  the  information  on  changes  in  consumption 
of  the  food  groups,  and  other  data  that  were  obtained  in  the  survey  it  is 
possible  to  disaggregate  the  food  groups  used  here  into  individual  foods.  This 
would  permit  the  calculation  of  changes  in  protein  quality  that  might  re- 
sult from  a  price  change.     It  would  also  be  possible  to  estimate  the  change 
in  the  intake  of  other  nutrients  such  as  Vitamins  A  and  C. 

A  further  point  is  implied  in  the  discussion  above.    When  the  calcula- 
tions indicate  that  changes  in  the  relative  quantities  of  foods  consumed 
will  take  place,  the  assumption  is  made  that  these  foods  are  available  in 
the  market  place  or  can  be  produced  quickly  in  the  needed  amounts.  For 


-38- 

relatively  small  changes,  e.g.  the  change  in  the  price  of  one  staple  food, 
there  may  be  little  or  no  problem.    However,  for  larger  shifts  in  the  quanti- 
tions  demanded,  this  assumption  may  not  hold.    Hence,  the  question  arises 
as  to  the  availability  of  a  marketable  quantity  to  meet  the  anticipated 
demand . 

This  amount  can  be  readily  calculated  from  the  information  in  this 
analysis  since  the  changes  in  quantities  demanded /consumed  are  per  capita 
per  day  values.     Because  the  proportion  of  the  population  represented  by 
Urban  Income  II,  and  all  other  income  groups  is  known,  the  total  quantity 
needed  for  any  time  period  can  be  estimated.     If  this  amount  is  larger 
than  previous  production  (or  marketable  surplus)  figures,  a  project  to 
expand  production,   (or  marketed  quantities)  will  be  needed.    This  is  cri- 
tical information  if  agricultural  and  food/nutrition  policy  are  to  be  in- 
tegrated. 

In  addition  to  the  information  needed  for  integrating  agricultural 
and  food  policy,  important  data  may  also  be  generated  for  insight  into  pos- 
sible import  needs.     For  example,  if  needed  market  quantities  cannot  be 
domestically  produced  in  the  short-run,  then  importation  may  be  a  solution. 
Since  the  total  quantities  needed  can  be  estimated,  the  required  foreign 
exchange  can  also  be  estimated.     Thus,  the  implications  of  a  change  in  food 
prices  can  be  traced  through  to  the  impact  on  foreign  exchange.     If  imports 
are  rejected  as  a  solution,  the  price  of  the  demanded  but  unavailable  food 
will  rise,  decreasing  the  quantity  consumed  and  resulting  in  a  larger  caloric 
deficit.  1/ 


1/  Note:     The  impact  of  changed  market  prices  on  domestic  supplies  has 
not  yet  been  incorporated  into  the  analysis.    Work  on  this  aspect  is  cur- 
rently underway. 
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To  this  point  the  discussion  has  centered  on  the  simplest  case,  i.e. 
the  impact  of  a  change  in  price  of  a  single  food  staple.     Suppose,  however, 
the  prices  of  several  food  groups  are  changed  as  a  result  of  a  government 
policy  decision.     As  a  specific  examples,  in  Scenario  2  it  is  assumed  that 
the  prices  of  Rice,  Bakery,  and  Other  Grains  are  each  raised  by  10%.  In 
Scenario  3,  the  prices  of  Rice,  Bakery,  Other  Grains,  Spices,  Tobacco,  and 
Cooking  Oil  are  raised  by  10%  each.     These  three  scenarios,  while  arbitrary 
in  this  case,  can  be  used  without  loss  of  generality  (with  respect  to  price 
changes  or  food  selected),  to  illustrate  the  utility  of  the  analytical  pro- 
cedure for  obtaining  policy  relevant  information. 

Referring  to  Table  1,  it  is  instructive  to  compare  the  changes  in  cal- 
oric and  protein  consumption  induced  by  the  three  scenarios.  Considering 
the  total  net  change  figures  first,  the  relatively  small  decrease  of  18.4 
calories/capita/day  in  the  first  (A  P  =  10%  increase  for  rice  only)  scenario 
contrasts  with  decreases  of  87.9  and  247.5  calories/capita/day  for  the  se- 
cond and  third  scenarios  respectively.    Recall  that  this  information  is 
for  Urban  Income  Group  II,  the  second  lowest  income  group  for  which  esti- 
mates could  be  made.    Households  in  this  income  group  may  be  assumed  to 
have  some,  but  not  much,  slack  in  their  household  budgets.     That  is,  some 
expenditures  are  for  other  than  absolute  necessities.     It  is  interesting 
to  note  what  appears  to  be  an  effort  to  maintain  their  prior  level  of  food 
intake  in  terms  of  calories. 

The  drop  in  calories  from  scenario  1  to  scenario  2  is  70/capita/day , 
while  the  drop  from  scenario  2  to  3  is  160  calories/capita/day.    Note  furt- 
her that  the  cost  of  calories  decreases  in  scenarios  1  and  2,  then  increases 
in  scenario  3.     Exactly  the  opposite  occurs  for  protein.     This  implies  that 
Group  II  consumers  are  quite  economic  with  respect  to  caloric  intake,  but 


that  overall  quality  of  the  protein  consumed  may  decrease  in  scenario  3 
as  compared  to  scenarios  1  and  2. 

To  place  these  caloric  changes  in  perspective,  we  note  the  level  of 
recommended  caloric  intake  at  the  time  of  the  study  was  given  by  the  Sri 
Lanka  government  as  2,200  calories/capita/day.    The  intake  level  calcula- 
ted from  the  same  data  used  in  this  analysis  gives  the  average  for  Urban 
Income  Group  II  as  2,067  calories/capita/day.     Thus,  even  small  decreases  in 
calorie  consumption  can  be  considered  serious. 

The  procedure  can  also  be  used  to  obtain  information  on  the  relative 
shifts  in  food  demand /consumption  which  occur  among  the  income  groups. 
As  has  been  pointed  out,  the  present  data  are  preliminary;  meaning  that 
not  all  the  estimates  are  the  best  obtainable.     Such  estimates  can  produce 
improbable  results  and  the  discussion  below  incorporates  an  example  of 
the  internal  data  checking  needed  before  final  results  are  released. 

To  illustrate  relative  demand/consumption  shifts  among  income  groups. 
Urban  Income  Group  II  discuss  previously  will  be  compared  with  Urban  Income 
Group  IV.     Published  information  from  Sri  Lanka  lists  the  average  caloric 
intake  per  capita  per  day  as  2,340  and  total  protein  as  54.8  grams  per  capita 
per  day  for  Group  IV.     The  recommended  minimum  levels  are  2,200  and  48  for 
calories  and  grams  protein  respectively. 

Considering  the  total  net  change  in  Table  2,  Income  Group  IV  shows  a 
much  larger  drop  in  both  calorie  and  protein  consumption  than  Income  Group 
II.    While  Group  IV  is  above  the  minimum  levels  and  is  better  able  to  with- 
stand a  decrease  in  consumption  than  Group  II,  the  decrease  of  586  calories/ 
capita/day  due  to  a  10%  increase  in  the  price  of  Rice,  Bakery  and  Other 
Grains,  is  clearly  an  over  estimate.     Such  a  large  decrease  would  put  the 
average  caloric  intake  of  Group  IV  below  that  of  the  lowest  income  group. 
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Table  2 

Change  in  Calories  and  Protein  by  Food  Group 


AP  =  10% 
Rice,  Bakery,  Other  Grains 


Urban 
Income  II 

:  Urban 
:            Income  IV 

Change  : 
in  : 
Calories  : 

Change 
in 
Protein 

Change  : 
:        in  : 
Calories  : 

Change 
in 
Protein 

Rice 

-36.9 

-.686 

-62.8 

-1.17 

Spice  ; 

-3.3 

-.268 

25.1 

2.0 

Bakery  : 

-38.7 

-.874 

-74.5 

-1.68 

Fish  : 

-0.1 

-.026 

15.8 

3.0 

Vegetables*  ! 

3.2 

.133 

-0.3 

-0.01 

Sugar  ; 

-10.6 

-.140 

169.9 

2.23 

Nuts,  Plantains  and  Other  ! 

Fruits  : 

20.2 

.341 

269.1 

5.0 

Tobacco 

Other  Grains  : 

11.0 

.299 

-895.3 

-24.4 

(-89.5) 

(-2.44) 

Milk 

3.8 

.181 

-26.9 

-1.29 

Meat 

-0.9 

-.199 

-18.4 

-3.86 

Food  (eaten  away  from  home)  : 

unknown 

unknown 

unknown 

unknown 

Alcoholic  Drinks 

:  -2.4 

-44.6 

Cooking  Oil 

-7.0 

16.4 

Beverages 

:  -0.6 

-.139 

-0.5 

-0.10 

Eggs 

:  -25.0 

-1.855 

12.3 

-0.91 

Chewing  Nuts  and  Betel 

:  -0.6 

-.014 

0.5 

0.01 

Total 

:  -87.9 

-3.25 

-586 

-19.3 

(+172.7) 

(-0.77) 

*  Includes  leafy  and  root  vegetables,  plus  pulses. 
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Clearly,  this  is  an  improbable  result  that  implies  errors  in  the  basic  co- 
efficients estimated  by  the  procedure. 

To  determine  the  source  of  the  problem,  the  caloric  changes  of  the 
individual  food  groups  can  be  examined.    We  note  immediately  the  very  large 
change  of  -895.3  calories/capita/day  attributed  to  Other  Grains.  Clearly 
this  is  a  suspect  figure.     Pursuing  the  point  further,  the  -895.3  figure 
is  calculated  from  the  estimates  of  the  change  in  the  average  quantity  of 
Other  Grains  consumed  by  households  in  Group  IV.     This,  in  turn,  is  the 
sum  of  the  own-  and  cross-price  elasticities.     (The  income  elasticity  has 
no  impact  since  it  is  assumed  household  income  levels  are  constant  for 
this  analysis.)     Since  only  the  prices  of  Rice,  Bakery,  and  Other  Grains 
have  been  allowed  to  vary  in  this  example,  we  have  only  to  look  at  the 
cross-price  elasticities  of  Other  Grains  with  Rice  and  Bakery,  and  the 
own-price  elasticity  of  Other  Grains.    We  found  the  cross-price  elasticity 
for  Other  Grains  and  Bakery  to  be  too  large  in  comparison  to  the  other 
values  but  that  the  sign  is  as  expected.     (Interested  readers  are  referred 
to  the  elasticity  matrix  for  Urban  Income  Group  IV  in  the  Appendix.)  Thus, 
it  is  possible  to  identify  elasticity  estimates  which  contribute  to  ques- 
tionable total  net  change  results  and  to  re-examine  these  values  before 
the  final  analysis  are  made. 

It  should  be  noted  here  that  in  two  previous  attempts  by  well  known 
researchers  to  estimate  full  elasticity  matrices,  it  was  necessary  to  use 
"assigned"  values  for  certain  foods.     This  may  become  necessary  in  this 
analysis.     However,  because  nutrient  intake  tests  of  reasonableness  can 
be  applied  to  the  consumption  of  food  as  calculated  from  the  elasticity 
estimates,  and  because  these  tests  are  independent  of  the  estimation  pro- 
cedure, it  becomes  possible  to  replace  an  invalid  elasticity  estimate  with 
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an  assigned  value  that  meets  both  the  theoretical  restrictions  and  the  rea- 
sonableness tests.     In  this  sense,  the  extension  of  the  food  demand  estimates 
into  nutritional  intake  estimates  provides  a  more  powerful  check  on  the 
validity  of  the  elasticity  estimates  than  would  otherwise  be  possible. 

In  terms  of  the  current  example,  the  estimate  in  question  appears  to 
be  off  by  a  factor  of  10.  Although  the  new  assigned  value  must  be  chosen 
and  other  values  adjusted  to  meet  the  theoretical  restrictions,  an  approxi- 
mation, of  the  revised  results  can  be  obtained  by  reducing  the  questionable 
nutritional  intake  value  by  a  factor  of  10.  This  has  been  noted  in  Table 
2  by  placing  the  assigned  values  and  resulting  new  totals  in  parentheses. 
The  tentative  results  suggest  that  in  Income  Group  IV,  caloric  intake  ac- 
tually increases  while  protein  intake  is  virtually  unchanged. 

Tentatively,  then  the  results  suggest  that  the  10%  increase  in  the 
price  of  Rice,  Bakery,  and  Other  Grains,  would  result  in  a  decrease  in  both 
caloric  and  protein  intake  in  Urban  Income  Group  II,  but  that  these  same 
price  changes  would  result  in  Income  Group  IV  increasing  caloric  intake 
with  no  change  in  protein  consumption.     (Recall  that  Income  Group  II  is 
below  recoimnend  caloric  intake  levels  while  Group  IV  is  above  this  level.) 
Whether  such  a  result  is  consistent  with  overall  national  or  program  ob- 
jectives is  left  to  the  reader's  judgement. 

In  summary,  using  the  procedure  to  compare  the  potential  impacts  of 
food  price  policy  decisions  on  and  across  residence  income  groups  provides 
information  relevant  to  the  following  policy  areas.     First,  it  is  possible 
to  determine  the  nutritional  impact  a  policy  decision  (i.e.  a  price  change) 
can  be  expected  to  have  on  a  given  consumer  group.     Second,  whether  the 
nutritional  impacts  are  uniformly  distributed  across  consumer  groups,  or 
in  selected  groups  can  be  asertained.    Third,  it  is  possible  to  assess  the 
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extent  to  which  benefits  fall  to  the  "needy"  consumer  groups.     Fourth,  judge- 
ments regarding  the  capability  of  domestic  production  to  fill  new  demand 
levels  can  be  made.     If  production  assistance  is  needed,  the  data  are  quite 
explicit  regarding  how  much  of  which  food  crops  must  be  available.  Produc- 
tion projects  can  then  be  designed  accordingly.     Fifth,  if  the  new  demand 
must  be  met  via  imports,  estimates  of  the  amount  of  foreign  exchange  needed 
can  be  made. 

The  discussion  to  this  point  has  centered  on  tracing  the  ramifications 
of  price  policy.     Let  us  now  turn  our  attention  to  the  investigation  of 
the  impacts  of  developmental  projects.     For  present  purposes  we  will  in- 
vestigate the  two  broad  categories  of  income  generating  and  food  produc- 
tion increasing  projects. 

Initially,  we  will  assume  that  two  large  capital  improvement  projects 
are  being  proposed,  a  road  building  project  and  an  irrigation  system.  To 
simplify  the  discussion  only  the  main  effect  of  each  project  will  be  analy- 
zed.    For  the  road  building  project,  this  is  the  additional  cash  income 
earned  by  the  workers,  and  for  the  irrigation  system,  the  increased  pro- 
duction. 

Once  the  engineering  planning  work  has  been  completed  for  the  road 
building  project,  the  number  of  workers  and  wage  rates  needed  will  be  known 
fairly  accurately.     From  this  information,  an  estimate  can  be  made  of  the 
number  of  households  within  the  identified  income  groups  which  these  workers 
represent.    With  this  information  and  data  from  the  analysis,  we  can  esti- 
mate the  number  of  persons  who  will  benefit  nutritionally  from  the  increased 
income.      Further,  the  magnitude  of  the  nutritional  improvement  can  be  es- 
timated.    Such  an  estimate  could  then  be  compared  with  a  "work  for  food" 
scheme  with  respect  to  total  nutritional  gains  and  cost/nutrient  gained. 
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As  an  example,  suppose  Rural  Income  Group  I  and  II  each  contribute 
1/2  of  the  workers  employed  on  the  road  building  crews.     Suppose  further 
that  the  average  increment  to  income,  versus  alternative  employment  oppor- 
tunities, is  15%  for  Rural  Income  Group  I  and  10%  for  Group  II.     The  pre- 
liminary results  shown  in  Table  3  indicate  that  households  represented  by 
Group  I  workers  would  increase  their  average  daily  per  capita  caloric  in- 
take by  309.     For  households  in  Group  II  the  figure  is  160. 

These  figures  represent  substantial  gains  for  the  individuals  in  the 
households  involved.     For  Rural  Income  Group  II,  average  daily  caloric  con- 
sumption was  found  to  be  2,326.    Hence,  the  addition  of  160  calories/capita/ 
day  brings  the  Group  II  average  well  above  the  recommended  level  of  2,200. 
For  Rural  Income  Group  I,  the  average  daily  caloric  consumption  was  found 
to  be  2,099.    With  the  addition  of  309  calories/capita/day,  the  average 
of  this  group  rises  to  2,408,  which  is  well  over  the  recommended  daily  con- 
sumption level,     l^hether  these  gains  are  larger  or  smaller,  and  whether 
the  costs  are  more  or  less  favorable  as  compared  to  a  Work  for  Food  project 
could  also  be  calculated. 

It  is  informative  to  note  the  difference  if  the  road  workers  were  re- 
cruited from  urban,  as  opposed  to,  rural  areas.     Recall  that  the  Urban  Group 
II  average  daily  caloric  consumption  was  found  to  be  2,067.     Hence,  the 
addition  of  190  calories/capita/day  brings  the  Group  II  average  to  2,257 
or  just  57  calories/capita/day  over  the  recommended  level  of  2,200.  For 
Urban  Income  Group  I,  the  average  daily  caloric  consumption  was  found  to 
be  1,901.     With  the  addition  of  234  calories/capita/day,  the  average  of 
this  group  rises  to  2,135,  which  is  still  65  calories/capita/day  under  the 
recommended  daily  consumption  level.     Clearly,  this  information  has  impli- 
cations regarding  the  recruitment  of  laborers. 


-44a- 


Table  3 

Change  in  Calories /Capita/Day 
Due  to: 


+10% 

+15% 

Income 

Income 

Rural  1 

O  O  A 

220 

O  Aft 

309 

Urban  I 

205 

234 

Rural  11 

160 

220 

Urban  II 

190 

262 

Rural  III 

182 

216 

Urban  III 

218 

245 

Rural  IV 

178 

186 

Urban  IV 

215 

255 

Rural  V  &  VI 
Urban  V  &  VI 


217 
175 


267 
214 
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Table  4 

Change  in  Calories/Capita/Day 
Resulting  from  a  3%  Increase 
in  the  Total  National  Production 
of  Rice,  Vegetables,  and  Other  Grains 


Urban  Urban 

Income  I  Income  II 

Rice                                            14.5  1.0 

Spice                                        -0.1  1.7 

Bakery                                      21.8  -24.8 

Fish                                          2.4  0.2 

Vegetables*                                4.2  2.0 

Sugar                                      -6.1  -12.8 


Nuts,  Plantains, 
and  Other  Fruits 


Chewing  Nuts 
and  Betel 


15.3  7.3 


Tobacco  — 

Other  Grains  155.6  56.6 

Milk  9.3  1.0 

Meat  0.7  1.8 

Food  (eaten  away 
from  home) 

Alcoholic  Drinks  -5.7  1.7 

Cooking  Oil  -1.0  1.0 

Beverages  0.0  1.1 

Eggs  -57.6  2.5 


-0.2  -0.3 
Totals  153.1  33.6 


*Includes  leafy  and  root  vegetables,  plus  pulses 
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Information  from  this  analysis  can  also  be  used  to  analyze  the  nutri- 
tional impact  of  agricultural  production  projects.    Assume  that  a  proposed 
irrigation  scheme  is  projected  to  increase  the  total  national  production 
of  Rice,  Vegetables,  and  Other  Grains  by  3%  each.     A  useful  piece  of  infor 
mation  in  the  planning  and  evaluation  stages  would  be  the  nutritional  im- 
pact of  the  project. 

To  analyze  this  impact,  it  is  necessary  to  estimate  the  influence  the 
increased  quantities  of  Rice,  Vegetables,  and  Other  Grains  will  have  on 
the  prices  of  all  food  commodities.     The  only  meaningful  method  of  accom- 
plishing this  is  to  compute  a  National  Level  Elasticity  Matrix  as  the 
weighted  sum  (by  population  share)  of  the  individual  residence/income 
group  demand  matricies.     Such  a  matrix  has  been  computed  and  is  included 
in  the  tables  appended  to  this  report.     From  this  matrix,  and  the  mathe- 
matical relationship  between  quantities  and  prices,  it  becomes  possible 
to  estimate  the  price  changes  in  all  food  commodities  given  the  projected 
change  in  the  quantities  produced  of  any  combination  of  foods.     These  new 
(estimated)  prices,  derived  at  the  national  level,  are  then  used  in  the 
individual  residence/income  group  demand  matricies  to  estimate  changes  in 
actual  quantities  consumed  and  hence  in  nutritional  intake. 

Some  of  these  results  are  shown  in  Table  A.    Here,  we  note  that  the 
lowest  income  group.  Group  I,  records  a  substantial  increase  of  153  calor- 
ies/capita/day, while  Group  II  shows  only  a  marginal  increase  of  33.6. 
Further,  the  increase  for  both  groups  derives  mainly  from  Other  Grains, 
as  opposed  to  either  Rice  or  Vegetables,  even  though  the  increased  quanti- 
ties of  these  two  foods  decreased  their  market  prices.    Hence,  it  would 
appear  that  for  the  nutritional  benefit  of  these  two  low  income  groups, 
the  major  impact  comes  from  the  increased  supply  of  Other  Grains.  Analyse 
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of  the  remaining  income  groups  is  in  process. 

The  above  discussion  has  focused  on  the  impact  of  increased  domestic 
production.     It  should  be  noted  that  with  respect  to  the  functioning  of 
the  market,  the  source  of  the  supply  increase  is  immaterial.     In  particular, 
the  above  example  could  just  as  well  be  used  to  analyze  the  impact  of  P.L. 
480  shipment.     Hence,  the  3%  supply  increase  is  now  due  to  P.L.  480  supplies 
rather  than  domestic  production.     Otherwise,  the  analysis  and  findings  are 
identical. 

Used  in  this  manner,  insight  can  be  gained  into  the  expected  nutritional 
impact  of  specific  or  anticipated  food  aid  programs  and  judgements  made 
regarding  the  desirability  of  alternative  food  aid  packages.     For  example, 
if  the  major  caloric  gain  for  the  lower  income  groups  comes  from  Other  Grains, 
then  the  following  points  become  germain  with  respect  to  food  aid.  First, 
if  shipments  of  rice  (or  wheat)  do  not  benefit  the  low  income  groups  as 
much  as  would  equal  quantities  of  Other  Grains,  then,  secondly,  is  it  pos- 
sible to  design  a  program  where  these  groups  can  get  maximum  benefit  from 
P.L.  480,  shipments?    A  possibility  is  to  use  the  funds  generated  from  the 
sale  of  P.L.  480  commodities  to  increase  the  market  supply  of  Other  Grains 
either  through  purchases  of  domestic  production  or  via  commercial  imports. 
The  effect  of  such  a  program  would  be  to  transfer  the  food  aid  subsidy  from 
a  P.L.  480  commodity  which  does  not  provide  the  desired  level  of  benefit 
for  the  needy,  to  another  (domestic?)  commodity  which  provides  more  nutri- 
tional benefit  to  the  target  groups.    However,  irrespective  of  the  nature 
of  the  program,  it  is  essential  to  have  the  detailed  information  provided 
by  this  analysis  to  assure  the  targeted  groups  do  in  fact  benefit. 

These  latter  examples,  then,  provides  further  evidence  of  the  policy 
relevance  of  information  derived  from  this  analysis,  particularly  if  there 
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is  a  desire  to  integrate  agricultural  and  food/nutrition  policy.  Through 
use  of  this  procedure  it  is  possible  to  estimate  the  nutritional  impact, 
by  residence/income  group,  of  proposed  agricultural  production  projects 
or  food  aid  programs. 

There  is  another  way  to  employ  this  procedure  which  is  as  potentially 
useful  as  the  analysis  already  discussed.     That  is  to  use  the  procedure 
in  reverse  by  setting  nutritional  goals  for  each  residence/income  group, 
then  identifying  policy  decisions  or  planning  projects  which  meet  the  stated 
goals.    At  the  moment,  the  present  analysis  is  limited  to  consideration 
of  calories  and  protein.     But  as  indicated,  there  is  no  logical  reason  why 
other  nutrients  can  not  be  brought  into  the  analysis. 

To  use  the  procedure  is  reverse,  one  would  proceed  by  first  setting 
a  desired  nutrient  consumption  level,  then  systematically  providing  data 
on  the  following  questions  and  points.     "Which  food  commodities  provide 
the  needed  nutrient (s) ?"    "What  is  the  cost/nutrient  for  each  commodity?" 
"What  will  be  the  per  capita  consumption  impact  of  a  price  change?  of  in- 
creased income?"    "For  which  of  these  food  commodities  can  domestic  pro- 
duction be  expanded  to  needed  levels?    at  what  cost?    over  what  time  period?" 
"What  will  be  the  net  impact  of  increased  marketable  quantities  on  prices 
and  consumption?"    Given  information  on  these  points,  it  would  be  possible 
to  target  certain  food  crops  for  increased  production  with  the  knowledge 
that  the  nutritional  impact  will  benefit  the  targeted  groups  at  the  pre- 
selected level. 

We  should  re-emphasize,  here,  that  increases  in  the  production  of  major 
food  crops  do  not  necessarily  have  a  uniform  impact  either  within  or  across 
income  groups.     This  was  shown  in  a  previous  example  where  Other  Grains 
contributed  the  majority  of  the  nutritional  benefit  in  the  two  lower  income 
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groups,  although  the  contribution  to  total  marketable  quantities  (3%)  was 
equal.     It  is  information  of  this  detail  that  is  potentially  very  useful 
for  planning  and  policy  decisions  of  both  Development  Agencies  and  LDC  go- 
vernments where  the  desire  is  to  integrate  agricultural  and  food  policy. 

One  further  point  can  be  made.     If  the  irrigation  scheme  and  the  road 
building  project  are  competitive  in  the  sense  of  funding,  information  from 
this  analysis  would  prove  useful  in  determining  which  (or  what  level)  of 
each  project  would  provide  the  maximum  nutritional  impact  for  the  most  needy 
low  income  groups. 

5.2  FUTURE  WORK  PLANNED 

Additional  work  is  proceeding  along  three  paths;  refinement  and  vali- 
dation, incorporation  of  the  impact  of  prices  on  production  (i.e.  supply 
side),  and  generalization  of  results.     The  emphasis  in  the  immediate  future 
will  be  on  fine  tuning  the  current  procedure.     This  will  be  done  both  by 
increasing  the  detail,  and  by  cross  checking  the  results  against  historical 
facts  and  the  results  of  alternative  estimation  procedures. 

The  results  presented  above  are  limited  to  a  discussion  of  the  various 
impacts  involving  consumption.     An  important  addition  to  the  model  will 
be  the  incorporation  of  the  impact  on  domestic  food  production  of  various 
policy  and  developmental  options.     Obviously,  a  food  price  policy  decision 
has  ramifications  for  both  consumption  and  production.     The  full  integration 
of  agricultural  and  food  policy  requires  information  on  both  aspects.  Con- 
siderable work  toward  integration  of  the  production  side  has  already  been 
done.     The  primary  remaining  tasks  are  specification  of  a  dynamic  system 
and  setting  up  the  associated  computer  program. 

However,  the  real  pay  off  will  come  with  the  analysis  of  a  current 
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data  set  from  an  LDC  country  which  is  ready  to  put  the  information  to  full 
use.     Such  opportunities  are  now  in  the  discussion  stage.    When  the  analysis 
of  several  countries  has  been  completed,  then  a  point-by-point  comparison 
of  results  can  be  made.     Then,  and  only  then,  will  it  be  possible  to  deter- 
mine the  extent  to  which  results  from  one  country  may  be  useful  in  another 
country. 
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CHANGE  IN  CALORIE/CAP/DAY 


Ay 

(income) 

Ap 

(price) 

Residence  and  : 
Income  Group 

Rice,  Spice 
:  Bakery,  Tobacco 
:      Grains,  Oil 

Rice,  Bakery 
Grains 

Rice 

.  +10% 

-iO% 

+15% 

:  +10% 

+10% 

+10% 

Urban  II 

:  +195 

-195 

H-262 

-155 

-121 

-0.5 

P.ural  II 

:  +160 

-160 

+220 

-143 

"180 

-97.0 

Urban  III 

:  +212 

-212 

+237 

-51.3 

-189. C 

-92.2 

Rural  III 

:  +182 

-182 

+216 

-191.0 

-313.0 

-23.9 

Urban  IV 

:  +220 

-220 

+272 

+12.9 

-23. 1 

-1CA.2 

Rural  IV 

:  +175 

-175 

+168 

-54- 


o  m 

u  o. 

C  3 
M  O 

u 
u 


o 

CM 
O 


"I 


O 

CM 


eo 
o 


O  ON 

-a-  o 


in 


CM 

in 
-» 


o 


u-i 

CM 


CM        ^  — 4 


ON 
00 


00 

o 

\0 


o 

M3 


IN 


CO 
CO 
CO 


o 

00 


00 
CM 


m 

CO 
CO 


00 

in 
«n 

CO 


-a- 

CO 


CO 


00 


tn 


o 


CM  00 


> 
0)  1-4 

e 

o  a 

y  3 

c  o 

M  u 

o 


e 

n 

§ 

Q 

of 

>.  CB 

4J  ^ 

•rt  C 

U  CO 

•H  ,J 

u 

00  -H 

(0  U 

<-l  W 

09 

td  1 

B 

I 

O 

^  a 

•H 

V  3 

W 

w  o 

U 

3  ki 

c 

4J  O 

3 

iH 

•O  0) 

C  E 

u 

0)  0 

•H 

a  u 

E 

X  c 

JZ 

U  i-i 

4.1 

1-1 

l-l 

U  B 

<a 

g  cs 

00 

0 

0 

U  U 

C  0 

M  U 

u 

U-I  01 

O  CO 

a 

c 

4) 

<H 

U 

fl 

IW 

« 

O 

u 

o 

\o 

o 

ON 

00 

00 

00 

CO 

CM 

CO 

CM 

in 

-» 

o» 

r» 

ON 

MD 

CO 

CO 

in 

ON 

VO 

vO 

CO 

CO 

ON 

CO 

III 

CO 

r-- 

CM 

(O 

so 

o 

m 

o 

ON 

CM 

o 

m 

ON 

co 

o 

t— < 

cs 

NO 

m 

CM 

o 

r«. 

CO 

vO 

*— 4 

CM 

•* 

ON 

CM 

r». 

CO 

00 

CM 

O 

NO 

m 

<■ 

CM 

•» 

sr 

in 

CO 

o 

-s- 

O 

CO 

CO 

CO 

CO 

CM 

in 

ON 

ON 

CM 

ON 

•a- 

o 

-* 

in 

ON 

ON 

vO 

r~ 

-a 

m 

CM 

o 

ON 

O 

in 

-3- 

•» 

CM 

CO 

CO 

CO 

O 

CO 

CM 

•a' 

in 

in 

in 

o 

01  l-l 
E 

o  a 

u  3 

B  O 

l-l  1.1 


p-. 

f>» 

CM 

CO 

NO 

CM 

m 

NO 

in 

00 

CO 

CM 

NO 

CM 

00 

CO 

CO 

in 

(O 

CO 

«n 

in 

CO 

CM 

ON 
ON 
O 


o> 

ON 

tn 

ON 

•a' 

-a- 

o 

9^ 

\o 

CO 

00 

in 

CO 

CM 

NO 

CM 

ON 

00 

f->. 

«a- 

in 

00 

in 

CO 

m 

CO 

CM 

w~4 

00 

CM 

>o 

•a- 

in 

CO 

CO 

ON 

CO 

m 

CO 

I— « 

ON 

NO 

NO 

CM 

•* 

CO 

CO 

•a- 

r» 

00 

t~- 

NO 

CM 

o 

00 

NO 

CM 

o 

CO 

m 

o 

to 

NO 

t>. 

CO 

ON 

Ov 

CM 

CM 

o 

\o 

CM 

r» 

«3- 

m 

sr 

CM 

m 

^a- 

in 

in 

in 

-a- 

m 

00 

—4 

0»  t-i 
E 

o  a. 

o  3 

B  O 

l-l  l-l 

C5 


•a' 

ON 

NO 

CO 

NO 

ON 

-a' 

CO 

in 

m 

«a- 

CO 

NO 

o 

in 

CM 

CO 

ON 

NO 

NO 

CO 

m 

00 

o\ 

CO 

o 

in 

o 

CO 

CM 

CO 

o 

CM 

«a- 

CM 

•a- 

CM 

o 

CM 

CO 

CM 

o 

CM 

in 

NO 

-a' 

m 

CM 

NO 

«a- 

o 

o 

in 

P» 

u-i 

CO 

m 

•a' 

1 

CM 

o 

o 

NO 

NO 

CM 

CO 

o 

•a- 

in 

NO 

CM 

o 

-a- 

CM 

p» 

CO 

CM 

o 

ON 

CM 

r—t 

NO 

00 

CO 

CM 

CO 

CO 

•a- 

o 

m 

o 

CM 

ON 

CO 

o 

CO 

CM 

■a- 

r- 

CO 

ON 

>o 

-a- 

m 

CM 

NO 

m 

CO 

in 

ON 

CM 

in 

ON 

ON 

in 

in 

ON 

m 

01 

E  a 

o  3 

u  o 

B  U 


o  — 


o 
m 


eo 

CO 

in 


<n 
in 
«a- 


CM  CO 

m  r» 
r»  vo 


C  NO 

O  CO 

CO  ON 

—I  NO 


O  CM 

-<  00 

«*  00 

00  CM 


ON  CO 

ON  CM 
CO  NO 


\0  CO 

vO  ON 

ON  .a- 

in  <• 


CO 

CO 


o 

NO 

•a- 
m 


ON 

.a- 

ON 

in 


CM 
00 


CM  NO 

p~  •a' 

in  r» 

m  «a- 


in 

vO 


00  CO 

00  NO 

-H  CO 

•J-  o 


ON 
NO 

m 


CO 

NO 


CM 

NO 

«a 


o 

CO 


a 

3 
O 
l-l 

u 

•a 
o 
o 


0) 

Lai 

u 

01 

-H 

00 

00 

eg 

Ti 

0) 

to 

oa 

Bu 

> 

u 
<s 
00 

3 

to 


2 


u 

1-t 

09 

1-1 

01 

o 

> 

« 

£ 

<g 

B 

o 

V 

o 

u 

<-• 

i 

<g 

•o 

1 

E 

B 

a 

fr 

^\ 
00 
B 

O 
B 

CD 

u 

>N 

iH 

3 

ig 

00 

6 

o 

V 

o 

<g 

t-l 

o 

00 

00 

u 

o 

u 

03 

e 

u 

C 

j: 

U 

1-1 

eg 

•H 

u 

T> 

0 

9) 

a 

3 

XI 

IB 

<g 

O 

u 

.H 

> 

00 

« 

0 

l-l 

1-1 

0} 

o 

.-1 

iH 

00 

H 

O 

X 

s 

fa 

< 

o 

ea 

U3 

-55- 


Comparison  of 
Coefficients  of  Income  Elasticity  of  Demand 
Sri  Lanka 

FAO 


Our 


r  ooo 

Income  Elasticity 

Market 

nice 

0.0 

.57 

wneat 

f\  1. 

.13 

Sugar 

i .  u 

•  32 

vegetaoies 

.46 

Fruit 

0.0 

.35 

Meat 

0.5 

.69 

Eggs 

1.5 

.61 

Fish 

0.8 

.56 

Milk 

1.2 

.63 

Oil 

1.0 

.78 

Source;    FAO,  Agricultural  Commodities  Projections  for  1975  and  1985.  Volume 

2:    Methodological  Notes  Statistical  Appendix,  Rome,  1967,  pp.  32  -  33. 
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Change  in  Calories /Capita/Day 
Due  to: 


+10%  +15% 

Income  Income 

Rural  I                                  220  309 

Urban  I                                  205  234 

Rural  II                                160  220 

Urban  II                                190  262 

Rural  III                               182  216 

Urban  III                               218  245 

Rural  IV                                178  186 

Urban  IV                                215  255 


Rural  V  &  VI 
Urban  V  &  VI 


217 
175 


267 
214 
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-0.306B 
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0.0340 

0.0139 
-0.0164  ■ 

0.007] 

0.02ia 
-0.0011 
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-0.200B 

0.2774 
-0.0134  • 

0.0377  - 
-0.6690  ■ 

0.2279  - 
-0.04B4 

aiL 

-O.OOBl 
0.0461 
-0.0014 
-0.1709 
-0.03B9 
-0.0202 
-0.0208 
0.0330 
0.2718 
O.0B33 
-0.0873 
-0.3034 
0.2333 
-0.2844 
0.0347 
-1.3878 
-0.0403 

-0.0398  1 
-0.0181  ' 
0.0344  1 
0.1084 
-0.0242  1 
-0.0913 
0.0339  I 
0.1724 
-1.3941  1 
•0.0434 
-0.3293  1 
-0.4007 
-0.9144  1 
-0.1114 
-0.0484  1 
-4.9118 
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!  iiiiiliililsil!!! 

^eeeeoee^.ofefe.o 
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273; 
,044< 
.339< 
.071: 
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,306! 
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-0.1344 
-0.0442 
0.0171 
0.3900 
-0.1312 
-0.2042 
0.0989 
0.2307 
-0.1749 
-0.2699 
-0.2072 
0.1384 
-0.0873 
0.2400 
-0.0493 
-0.1430 
-0.2414 

X  AT  N 

lanka 

•84 

1.1813 
-0.1494 

0.3319 
-0.0147 
-0.3109 
-0.2431 
-0.4790 
-0.0049 
-0.3412 
-0.1809 

0.3734 
-0.3130 
-0.9463 

0.4714.. 
-0.3000 

3.4393 
-0.0044 

•H 

CO 

1 

ea^eeeoeee-oeee »e 
1 

ELASTICITY 

9  It             9(8             tUf  f»U 

.3439      -0.0700        0.0110  0.1390 
.0904        0.1148        0.0403  0.0381 
.1214      -0.1424      -0.0B91  -0.0314 
.6846        0.1884      -0.0338  0.0829 
.2043       -0.72S8        0.0143  -0.0870 
.0337        0.0271       -1.1034  -O.OIIS 
.1477      -O.IUO      -O.OIIO  -1.0071 
.0848        0.0023        0.0131  0.0338 
.4210      -0.4424       -0.2994  -1.2390 
.9889       -0.3870      -1.2848  0.1342 
.0433        0.0148        0.1832  1.4083 
.0343      -0.1399        0.5435  -0.1447 
.4431      -0.1241      -0.4384  0.1733 
.7414      -0.1281      -0.1114  -0.0428 
.0404      -0.0741        0.0033  0.0439 

.1948        0.2318        0.0687  0.1440 

.  848 

-0.1122  -0 
0.0991  0 
-0.4324  0 
0.2444  -0 
0.0037  0 
-0.1414  -0 
-0.0409  0 
-0.1340'  0 
-0.0933  0 
-0.2119  1 
-0.1007  1 
0.1334  -1 
0.0334  0 
0.4048  -0 
0.2929  0 
4.1311  11 
1.4279  0 

,6311  -0.0044 
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,0423  -0.2921 
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,3939  2.3493 
,3848  -0.0228 
.3112  -0.1073 
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.1139  0.1074 
.3794  4.9829 
,3289  0.0730 
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